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Pennsylvania State College 
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Betnolds, Hebhan W 

Berkeley, Cal. 

RlOHABDS, ChABUS R. 

Lincoln, Neb. 

RiCHABDS, Ghab. Russell. 
New York, N. Y. 

RiCHABDS, ROBEBT H. 

Boston, Mass. 

RiOHABDSON, James P 

3918 Wyandotte St., 
Kansas City, Mo. 

RiORTEB, ABTHUB W 

Madison, Wis. 

RiCKEB, N. Cleffobd 

Urbana, 111. 

BiQQS, Walteb M. 

Clemson College, S. C. 



RiTTENHOnSE, LBON H. . . . . 

Haverford, Fa. 

Robbins, Abthub G 

Boston, Mass. 

ROBEBTS, WnjJAM J. 

Pullman, Wash. 

Robinson, Edwabd 

Burlington, Vt. 

Robinson, Fbedebio H. . • . . 
Newark, Del. 

Robinson, Stillman W. . . . 
1353 Highland St., 
Columbus, Ohio. 



Assistant Professor of Mechanical En- 
gineering, University of California. . 

Professor of Mechanical Engineering 
and Director of the School of Me- 
chanic Arts, Uniyersity of Nebraska. 

Director of Manual Training, Teach- 
ers College, Columbia UniTersity . . . . 

Professor of Mining Engineering and 
Metallurgy, Massachusetts Institute 
of Technology 

Proeso School 

Professor of Experimental Engineer- 
ing, University of Wisconsin 

Professor of Architecture, 
University of Illinois 

Professor of Electrical Engineering, 
and Director of the Department of 
Mechanical and Electrical Engineer- 
ing, Clemson A. and M. Oollege, 
South Carolina 

Instructor in Engineering, 
Haverf ord College 

Assistant Professor of Highway Engi- 
neering, Massachusetts Institute of 
Technology 

Associate Professor of Mathematics 
and Civil Engineering, Washington 
Agricultural College and School of 
SSence 

Professor of Mechanical Engineering, 
University of Vermont 

Professor of Civil Engineering, 
Delaware College 

Mechanical Engineer and Expert, Pro- 
fessor Emeritus of Mechanical Engi- 
neering, Ohio State University 
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RODHOUBB, TBOHAB J. 

Columbia, Mo. 



RoNDnrzLLA, Lino F 

728 Stephen Oirard Bldg.» 
Philadelphia, Pa. 

BOBBBBXTOH, THOICAS R. .. . . 

Toronto, Ontario. 

RomLUON, Loins, 
20 West 44th St., 
New York, N. Y. 



RowE, Geobob H 

1211 Fisher Building, 
Chicago, m. 



Rowland, Abthxjb J. . . . 
4510 Osage Ave., 
Philadelphia, Pa. 



Instructor in DeteriptiTe Geometry 
and Mechanical Drawing, UniTeniiy 
of Missouri 

Professor of ConstruetlTS Drawing, 
Central Manual Training School oif 
Philadelphia 



Associate Professor of Electrical Engi- 
neering, School of Practical Sdenoe. 

Adjunct Professor of Manual Train- 
ing, Columbia University 



Consulting Engineer 



Russell, Walter B 

749 Eastern- Parkway, 
Brooklyn, N. Y. 

Ryan, Habbis J. 

Stanford University, Cal. 



Sanbobn, Fbank E. . 
Columbus, Ohio. 



SOHNEIDEB, HBBMAN 

Cincinnati, Ohio. 

SOHXTEBMAN, WlLUAH H. . . 

Nashville, Tenn. 



Professor of Electrical Engineering, 
Drexel Institute 



Aseistant Superintendent of Appren- 
tices, N. Y. C. Lines 



Professor of Electrical Engineering, 
Leland Stanford Junior University. . 

Director, Industrial Arts Department, 
Secretary of the College of Engineer- 
ing, Ohio State University 

Professor of Civil Engineering, 
University of Cincinnati 



SooTT, Abthub C. 
Austin, Tex. 



SooTT, Chables F. 
Pittsburg, Pa. 



SoBUOHAM, James G 

Monroe House, Reno, 
Nevada. 



Dean of the Engineering Department, 
Professor of Civil Engineering, 
Vanderbilt University 



1904 

1903 
1896 

1906 
1906 



Professor of Electrical Engineering, 
University of Texas 

Consulting Engineer, Westinghouse 
Electric and Manufacturing Com- 
pany 

Professor of Mechanical Engineering, 
Nevada State University 



1903 
1903 
1901 

1899 
1903 

1895 
1903 

1904 
1906 
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Tetu. 
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Seabb, Thomab B 

Sta. A, Linooln, Neb. 


Instructor in Civil Engineering, 
University of Nebraska. 


1906 


Sbdowick, William T. .... 
Boston, Mass. 


Professor of Biology, Massachusetts 
Institute of Technology 


1896 


^VEB. GlOBGB F 


Adjunct Professor of Electrical En- 
gineering, Columbia University 

Instructor in Civil Engineering, 
Pennsylvania State College 




New York, N. Y. 

Shattuck, Habou) Beiob. . 
state College, Pa. 

Sheldon. Sajcuel 


1903 
1906 


Professor of Physics and Electrical 
Engineering, Polytechnic Institute 
of Brooklyn 


Brooklyn, N. Y. 


1903 


Shepabdsoit, Gboboe D. . . . 
Minneapolis, Minn. 

Shoop, Ohablbb Fbahbun. 
Minneapolis, Minn. 


Professor of Electrical Engineering, 
University of Minnesota 


1R95 


Instructor in Mechanical Engineering 
and Assistant in Mathematics, 
University of Minnesota 


1906 


Shobt, Kobebt L 


Department of Mathematics, 
D. C. Heath & Co 




Chicago, 111. 


1902 


Professor of Applied Mathematics, 
University of Wisconsin 




SUOHTEB, CHABIAB S 

MAdiflon Wis. 


1906 


Sloouh, Rot H. 


Instructor in Municipal and Sanitary 
Engineering, University of Illinois.. 

Professor of Applied Mathematics, 
University of Cincinnati 




Urbana, 111. 

StrxKTUM, Stephen E 

Cincinnati, Ohio. 

Smith. Albebt W 


1903 
1906 


Professor of Metallurgy, Case School 
of Applied Science 




1101 East Madison Ave., 
Cleveland, Ohio. 

Smith, Alton L 


1904 


Assistant Professor of Drawing and 
Machine Design, Worcester Polytech- 
nic Institute 




Worcester, Mass. 


1902 


Smith, Kabl B 


Instructor in Charge of Mechanical 
Engineering Laboratories, Drexel In- 
stitute 




Philadelphia, Pa. 


1906 


Smith, Habold B 

Worcester, Mass. 


Professor of Electrical Engineering, 
Worcester Polytechnic Institute.... 

Professor of Applied Mechanics, 
Pratt Institute 
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Brooklyn, N. Y. 


1895 
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Smith, HKRWinrr S. S 

Princeton, N. J. 

Smith, Leonabd S 

938 University Ave., 
Madison, Wis. 

Snow, Chasxxs H. 

New York, N. Y. 

Snow, Walter B 

29 Russell Ave., 
Watertown, Mass. 

SoiBEBO, Halvob C 

Brookings, S. D. 

Spalding, Fbedebick P. . . . 
Columbia, Mo. 

Spangles, Hbnbt W 

Philadelphia, Pa. 

Spbbb, Fsedebiok W 

Houghton, Mich. 

Spinnbt, Louis B 

Ames, Iowa. 

Spoffobd, Chablbs M 

Brooklyn, N. Y. 

Spsingeb, Fbank W 

Minneapolis, Minn. 

Stanwood, James B 

Cincinnati, Ohio. 

Steel, Alvin A. 

Fajetteville, Ark. 

Stewabt, Loins B 

Toronto, Ontario. 

Stone, Winthbop E 

146 North Grant St., 
Lafayette, Ind. 

Stout, Osoab V. P 

Lincoln, Neb. 



Professor of Applied Mechanics, 
Princeton University 

Associate Professor of Topographio 
and Geodetic Engineering, UniTcr- 
sity of Wisconsin 

Dean of School of Applied Science, 
New York Univend^ 

Manager, Advance Department, B. F. 
Stnrtevant Co., Hyde Park, Ii^um. . . . 

Professor of Mechanical Engineering, 
South Dakota Agricultural College. . 

Professor of Civil Engineering, Uni- 
versity of State of Missouri 

Professor of Mechanical Engineering, 
University of Pennsylvania 

Professor of Civil and Mining Engi- 
neering, Michigan College of Mines. . 

Professor of Physics and Electrical 
Engineering, Iowa State College 

Professor of Civil Engineering, 
Polytechnic Institute 

Assistant Professor of Electrical Engi- 
neering, University of Minnesota. . . . 

Director, Technical School of Cincin- 
nati 

Assistant Professor of Geology and 
Mining, University of Arkansas 

Lecturer in Surveying, 
School of Practical Science 

President, Purdue University 

Professor of Civil Engineering, 
University of Nebraska 
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Stubbs, Jossfh E 

Reno, Ker. 

SwAiH, Gbobge F 

Boston, Mass. 

Swift, Walter 

Sheffield, England. 

Talbot, Abthub N 

Urbana, 111. 

Talbot, Henbt P 

Boston, Mass. 

Taylob, Thomas U 

Anstin, Tax. 

Tatlob, William D 

Chicago, 111. 

Thach, Ohables C 

Auburn, Ala. 

Thaixb, Joseph A. 

Bozeman, Mont. 

Thomas, Chableb W 

. West Raleigh, N. C. 

Thomas, Robebt O. 

Charleston, S. C. 

THOBimuBG, Chables L. . . . 
South Bethlehem, Pa. 

TiMMEBMAN, ABTHUB H. .. . 

St. Louis, Mo. 

TrrswoBTH, Alfbed A. . . . . 
590 George St., 
New Brunswick, N. J. 

TowMJ, William M. 

Enosburg Falls, Vt. 

TowNBEin), Edgab J. 

510 John St., 
Champaign, 111. 




President, Nevada State University. . 

Professor of Civil Engineering, Massa- 
chusetts Institute of Technology. . . . 

Secretary of Technical Department, 
University College 

Professor of Municipal and Sanitary 
Engineering, University of Illinois.. 

Professor of Analytical Chemistry, 
Massachusetts Institute of Technol- 
ogy 

Professor of Civil Engineering, 
University of Texas 

Chief Engineer, Chicago and Alton 
Railway Co 

President, Alabama Polytechnic In- 
stitute 

Professor of Electrical Engineering, 
Montana College of Agriculture and 
Mechanic Arts 

Professor of Mechanical Engineering, 
The North Carolina College of Agri- 
culture and Mechanic Arts 

Professor of Mathematics and Engi- 
neering, South Carolina Military 
Academy 

Professor of Mathematics and Astron- 
omy, Lehigh University 

Superintendent, Wagner Electric Mfg. 
Co. 

Professor of Civil Engineering and 
Graphics, Rutgers College 

Professor of Mathematics, Dean of the 
College of Science, University of 
Illinois 
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TUBHEAXTBE, FBBDBUOK E. . 

Madison, Wis. 

TuBincBy Daniel L 

220 W. lOTtli St., 
New York, N. Y. 

TUBNEB, WHXIAM P 

Lafayette, Ind. 

TUBBILE^ ShEBICAN M 

54 Chureh St., 
Bethlehem, Pa. 

Ttleb, Habbt W 

491 BoylBton St., 
Boston, Mass . 

VanHibe, Chableb R. 

Madison, Wis. 

Yak Obnum, Johk L. 

St. Louis, Mo. 

Yeddeb, Hebmait E. 

Agricultural College, 
Mich. 

YossKUEHija, Joseph H. • . 
Madison, Wis. 

YOTET, J. WlLUAH 

Burlington, Vt. 

Waddell, J. a. L. 

Kansas City, Mo. 

Wadswobth, Joel E 

22 Morsemere Place, 
Yonkers, N. Y. 

Wadswobth, M. £^>wabd . . 
State College, Pa. 

Waijx), Clabenoe a. 

Laiayette, Ind. 

Walkeb, Ei/toit D 

State College, Pa. 




Dean of College of Engineering, 
University of Wisconsin 

General Inspector of Stations, Board 
of Rapid Transit Conunissions, New 
York City 

Assistant Professor of Practical Me- 
chanics, Purdue Uniyersity 

Civil Engineer 

Professor of Mathematics, Massachu- 
setts Institute of Technology 

President, University of Wisconsin... 

Professor of Civil Engineering, 
Washington University 

Professor of Mathematics and Civil 
Engineering, Michigan State Agri- 
cultural College 

Assistant Professor of Machine De- 
sign, University of Wisconsin 

Professor of Civil Engineering and 
Dean of Engineering Department^ 
University of Vermont 

Consulting Bridge Engineer of Wad- 
dell and Harrington 

Resident Engineer, American Bridge 
Co 

Professor of Mining and Geology, 
Pennsylvania State College 

Head Professor of Mathematios, 
Purdue University. 

Professor of Hydraulic and Sanitary 
Engineering, Pennsylvania State Col- 
lege 
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Wallace, Jacob H 

Boulder, Ck)lo. 

Wallace, John F 

355 Dearborn St., 
Chicago, 111. 

Watebbitby, Leslie A 

907 California Aye., 
Urbana, 111. 

Webb, J. Bubkett 

Hoboken, N. J. 

WhIPPIE, GflOBGB C 

220 Broadway, 
New York, N. Y. 

White, James M 

Champaign, 111. 

WHiTifET, Willis R. 

Schenectady, N. Y. 

Wiley, William 

43 and 45 E. 19th St., 
New York, N. Y. 

WiLLETT, James R 

434 Jackson Boulevard, 
Chicago, 111. 

Williams, Frank B 

Schenectady, N. Y. 

Williams, Stlvesteb N. . . 
Mt. Vernon, Iowa. 

WnusTON, Arthur L 

Brooklyn, N. Y. 

WiLMORE, John J 

Auburn, Ala. 

WoLCOTT, Edson Rat 

Golden, Colo. 




Instructor in Engineering Drawing, 
University of Colorado 



Consulting Engineer 



Instructor in Civil Engineering, 
University of Illinois 



Professor of Mathematics and Me- 
chanics, Stevens Institute of Tech- 
nology 

Consulting Engineer and Sanitary Ex- 
pert of Hazen and Whipple 



Professor of Architectural Engineer- 
ing and Dean of Engineering College, 
University of Illinois 

Director of Research Laboratory of 
the General Electric Company, 
Schenectady, N. Y 



Publisher of Scientific Books, Secre- 
tary John Wiley and Sons 



Architect 



Professor of Engineering Mathematics, 
Union University 

Professor of Civil Engineering, 
Cornell College 



Director, Department of Science and 
Technology, Pratt Institute 



Professor of Mechanical Engineering, 
Alabama Polytechnic Institute 

Professor of Physics, Colorado School 
of Mines 
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Wood, Abthub J 

State College, Pa. 

Woodbudgb, Samuel H. . . . 
Boston, Mass. 

WOODWAXD, GaLTIN M. . . . . 

St. Louis, Mo. 

WOODWABD, BOBEBT S 

1513 Sixteenth St., 
Washington, D. G. 

Wbenthobb, Glabbnob G. . 
933 Forest Ave., 
Ann Arbor, Midu 

YouiTO, Lewis E 

Grolden, Golo. 

ZiMMBBMAlT, OlJTKB B 

Gharles Gitj, Iowa. 

Ziwirr, Altbtattobb 

Ann Arbor, Mich. 
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Assistant Professor of Experimental 
Engineering, Pennsylvania State Col- 
lege 

Associate Professor of Heating and 
Ventilation, Massachusetts Lutitute 
of Technology 

Dean of the School of Engineering 
and Architecture, Washington Uni- 
versity 

President, Carnegie Institution, Wash- 
ington, D. C. 

Assistant Professor of Civil Engineer- 
ing, University of Michigan 

Professor of Mining, Colorado School 
of Mines 

Mechanical Engineer and Chief Drafts- 
man, Hart-Parr Co 

Professor of Mathematics, 
University of Michigan 
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1894 
1894 

1904 

1903 
1902 
1897 



GEOGRAPHICAL DISTRIBUTION OF MEMBERS. 
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Alabama.— Auburn; B. H. Crenshaw; M. T. J. Fullan; G. N. Mitcham; 

C. C. Thach; J. J. Wilmore. (6.) Uniyersity; E. B. Kay; T. W. 

Palmer. (2.) 
Azkansas.— Fayettevllle; W. M. Gladson; J. J. Knoch; A. A. Steel. 

(3.) Little Bock; R. L. Lund, (1.) 
California.— Bierkeley; S. B. Christy; C. Derleth, Jr.; H. W. Reynolds. 

(3 + 1 = 4.) Stanford ITlniyerBity; W. F. Durand; L. M. Hos- 

kins; C. D. Marx; H. J. Ryan. (4.) 
Ck>lorada.— Boulder; (University.) H. S. Evans; J. A. Hunter; D. R. 

Jenkins; M. S. Ketchum; J. H. Wallace. (5.) (State Normal 

Sch.) G. B. Halsted. (1.) Colorado Springs; F. Cajori. (1.) 

Denver; lAndsa/y Duncan. (1.) Gtolden; V. C. Alderson; C. R. 

Burger; E. R. Wolcott; L. E. Young. (4.) Ft Collins; L. S. 

Carpenter; J. W. Lawrence. (2.) 
Connecticnt.— New Haven; S. E. Barney, Jr.; A. J. DuBois. (2.) 
Delaware.— Newark; F. H. Robinson. (1.) 
District of Columbia.— Washington; (Univ. of Cal.) E. Mead. (1.) 

(Carnegie Institution.) R. S. Woodward. (1.) (City.) B. R. 

Green; J. F. Hay ford. (2.) 
Florida.— Lake City; N. H. Cox. (1.) 
Georgia.— Dablonega; J. F. O'Byme. (1.) 
SDlinois.- Chicago; (Armour Inst.) R. Bumham; C. E. Freeman; L. 

C. Monin; R. M. Raymond. (4.) (University.) C.Kinsley. (1.) 

(City) B. J. Arnold; 0. Bates; W. H. Biwhy; G. M. Brill; W. M. 

Camp; G. F. Horion; 0. W, Hotohhias; G. H, Rowe; R. L. Short; 

W. D, Taylor; J, F. Wallace; J, R. WUlett. (12.) Oak Fark; 

H. E, Diller, (1.) Champaign; I. O. Baker; E. J. Townsend; 

J. M. White. (3.) Urbana; L. P. Breckenridge ; M. Brooks; 

F. O. Dufour; F. G. Frink; J. H. Gill; G. A. Goodenough; O. A. 

Leutwiler; C. H. Pierce; N. C. Ricker; R. H. Slocum; A. N. Tal- 
bot; L. A. Waterbury. (12.) 
Indiana.— Indianapolis; E, Dtemer. (1.) Lafayette; S. Coulter; J. 

W. Esterline; W. F. M. Goss; E. L. Hancock; W. K. Hatt; L. V. 

Ludy; C. P. Matthews; J. H. Ransom; W. E. Stone; W. P. Turner; 

C. A. Waldo. (11.) Terre Haute; T. Gray; M. A. Howe; C. L. 

Mees. (3.) 
Iowa.— Ames; S. W. B^er; G. W. Bissell; F. A. Fish; A. Marston; 

W. H. Meeker; L. B. Spinney. (6.) Charles City; 0. B. Zimmer- 
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man. (1.) Iowa City; A. H. Ford; F. G. Highbee; C. S. 

Magowan; E. L. Ohle; W. G. Raymond. (5.) Mt. Veznon; 6. N. 

WilliamB. (1.) 
EIaxi8as.->Iiawr6]ice; F. 0. Marvin. (1.) 
Kentacky.— Jett; O. 0. Jett, (1.) Loxiiigtoii; F. P. Anderson; J. 

P. Brooks. (2.) 
Louisiana.— Baton Booge; A. M. Herget. (1.) New Orleans; D. S. 

Anderson; W. H. Creighton. (2.) 
Maine.— Orono; H. S. Boardman. (1.) 
Maryland.— Port Deposit; W. Flint; A. W. Harris. (2.) 
Massachusetts.- Amherst; J. E. Ostrander. (1.) Boston; (Mass. 

Inst.) C. F. Allen; 0. B. Breed; A. E. Burton; H. W. Hayward; 

H. 0. Hofman; D. G. Jackson; W. H. James; G. Lansa; F. P. 

McEibben; D. Porter; R. H. Richards; A. G. Robbins; W. T. 

Sedgwick; G. F. Swain; H. P. Talbot; H. W. Tyler; S. H. 

Woodbridge. (17 + 3 = 20.) (City.) H. K, Barrows; J. P. 

Munroe; W. L. Puffer. (3.) Cambridge; C. A. Adams, Jr.; 

I. N. Hollis; E. V. Huntington; L. J. Johnson; F. L. Kennedy; 

J. A. Moyer. (6.) Dorchester; J. H. Hawes. (1.) E. Bridgewater ; 

C. A. Oha/ndler. (1.) Jamaica Plain; G. L. Adams. (M. I. T.) 

Stoneham; G. H. Chase. (M. I. T.) Taunton; C. F. Parks. (M. 

I. T.) Tufts College; G. C. Anthony; C. D. Bray. (2.) Water- 
town; W. B. Snow. (1.) Worcester; C. M. Allen; E. A. Engler; 

A. W. French; H. C. Ives; T. C. Mendenhall; A. L. Smith; H. B. 

Smith. (7.) 
BUchigan.- Agricultural College; H. K. Vedder. (1.) Ann Arbor; 

M. E. Cooley; C. S. Denison; W. L. Miggett; G. G. Wrentmore; 

A. Ziwet. (5.) Calumet; J. MaoNaughton. (1.) Houghton; 

L. S. Austin; G. L. Christensen; D. Copeland; F. W. Denton; 

J. Fisher, Jr.; E. D. Grant; 0. P. Hood; F. W. McNair; F. W. 

Sperr. (9.) Ishpemlng; If. If. Dunoon. (1.) Lapeer; F. if orZey. 

(1.) Marquette; J. M. Longyear. (1.) Vulcan; W. Kelly. (1.) 
Minnesota.— Minneapolis; F. H. Bass; W. E. Brooke; F. H. Constant; 

Henry T. Eddy; J. J. Mather; G. B. Frankforter; B. F. Groat; 

A. E. Haynes; W. R. Hoag; F. S. Jones; W. H. Kavanaugh; C. 

F. Shoop; G. D. Shepardson; F. W. Springer. (14.) 
MIssissippL- University; H. L. Drane; A. Hume. (2.) 
MissourL- Columbia; L. M. Defoe; A. M. Greene, Jr.; A. L. Hyde; T. 

J. Rodhouse; F. P. Spalding. (5.) Kansas City; (High School.) 

J. M. Kent. (1.) (Prosso School.) J. P. Richardson. (1.) 

(City.) J. L. Harrington; I. G. Hedrick; A. Maitland, Jr.; W. 

K. Palmer; J. A. L. Waddell. (5.) Bella; E. G. Harris; G. E. 

Ladd. (2.) St. Louis; (High School.) S. H. Moore. (1.) 

(Washington Unir.) R. H. Femald; A. S. Langsdorf; J. L. Van 
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Omuin; C. M. Woodward. (4.) (City.) A, H, Timmerman. 

(1.) 
Hontana.— Boieniui; J. A. Hialer. (1.) Helena; J. S. Baker. (1.) 

Belle Fonrdhe; J. L, Mann. (1.) 

Ne1)ra8ka.~Lincoln; G. R. Chatburn; E. W. Davis; C. R. Richardg; 
T. B. Sears; 0. V. P. Stout. (6.) Oulbertson; J, A. Green, (1.) 

Kevada.— Bene; J. G. Scrugham; J. E. Stubbs. (2.) 

New Hamptfiire.— Durham; A. F. Nesbit; C. H. Pettee. (2.) Han- 
oyer; R. Fletcber; J. V. Hazen; C. A. Holden. (3.) 

New Jersey.— East Orange; N, 0, Graver. (1.) Hoboken; J. E. 
Denton; A. F. Ganz; A. C. Humphreys; J. B. Webb. (4.) New 
Bnmswlck; A. A. Titsworth. (1.) Princeton; H. S. S. Smith. 
(1.) Wyckofl; W. H. Browne, Jr. (1.) 

New York.— Brooklyn; (Polytechnic Inst.) F. W. Atkinson; S. Shel- 
don; C. M. Spofford. (3.) (Pratt Inst.) S. S. Edmands; J. M. 
Jameson; W. J. Kaup; E. H. Koch, Jr.; H. E. Smith; A. L. Willis- 
ton. (6.) (City.) W. B. Russell. (1.) Ithaca; F. A. Barnes; R. C. 
Carpenter; I. A. Colby; C. L. Crandall; H. W. Hibbard; H. S. 
Jaeoby; E. J. McCaustland; G. S. Macomber; H. H. Norris. (9.) 
New York; (Carnegie Foundation.) H. S. Pritchett. (1.) (Columbia 
Univ.) F. B. Abbott; W. H. Burr; G. A. Goetze; F. R. Hutton; 
C. E. Lucke; H. S. Munroe; M. I. Pupin; 0. R. Richards; L. 
Rouillion; G. F. Sever. (10.) (Manhattan Auto. School.) F. R. 
Jones. (1.) (Public Schools.) J. P. Haney. (1.) (N. Y. 
Univ.) C. H. Snow. (1.) (City.) E. Caldwell; E. L. Corthell; 
H. L. Doherty; Louis Dunoon; E. S. Fancell; A. E. Foy4; H. P. 
GiUette; D. 8. Jacobus; B. Jones, Jr.; I. J. Maoomher; D. E. 
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GEOGRAPHICAL SUMBCART OF MEMBERS. 



Alabama 7 

Arkansas 4 

California 8 

Colorado 14 

Connecticut 2 

Delaware 1 

District of Columbia 3 

Florida 1 

Georgia 1 

Illinois 33 

Indiana 16 

Iowa 13 

Kansas 1 

Kentucky 3 

Louisiana 3 

Maine 1 



Maryland 2 

Massacbusetts .... 42 

Midhigan 20 

Minnesota 14 

Mississippi 2 

Missouri 20 

Montana 3 

Nebraska 6 

Nevada 2 

New Hampshire . . 5 

New Jersey 8 

New York 60 

North Carolina ... 2 

Ohio 23 

Pennsylvania .... 33 

Rhode Island .... 6 



South Carolina ... 8 

South Dakota .... 2 

Tennessee 4 

Texas 

Utah 1 

Vermont 4 

Viiginia 2 

Washington 4 

West Virginia ... . 3 

Wisconsin 18 

Australia 1 

Canada 7 

England 1 

Switzerland 1 

Total 416 



INSTITUTIONS REPRESENTED. 

Memben. No. 

Massachusetts Institute of Technology by 20 1. 

University of Wisconsin 16 1. 

University of Illinois 14 

University of Minnesota 14 2. 

Purdue University 11 1. 

Columbia University 10 

Ohio State University 10 2. 

Cornell University 9 

Michigan College of Mines 9 2. 

Pennsylvania State College 8 1. 

Worcester Polytechnic Institute 7 1. 

Brown University 6 

University of Cincinnati 6 

Harvard University 6 

Iowa State College 6 

Lehigh University 6 

Pratt Institute 6. 

Alabama Polytechnic Institute 6 

Case School of Applied Science 6 

University of Colorado 5 

University of Iowa 6 

University of Michigan 6 
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Memben. No. 

University of Mifisouri 5 

University of Nebraska 5 

Agricultural and Mechanical College of Texas 6 8. 

Armour Institute 

University of California 

Colorado School of Mines 

Leland Stanford Junior University 

Stevens Institute of Technology 

Washington University 4 0. 

University of Arkansas 3 

Polytechnic Institute of Brooklyn 3 

Clarkson School of Technology 3 

MteGill University 3 

Rose Polytechnic Institute 3 

University of Texas 3 

Thayer School of Civil Engineering of Dartmouth College ... 3 

Toronto School of Applied Science 3 

University of Vermont 3 

University of Washington 3 

University of West Virginia 3 11. 

University of Alabama 2 

Clemson College 2 

Colorado State Agricultural College 2 

Drexel Institute 2 

University of the State of Florida 2 

International Correspondence Schools 2 

Jacob Tome Institute 2 

State College of Kentucky 2 

University of Mississippi 2 

Missouri School of Mines and Metallurgy 2 

Nevada State University 2 

New Hampshire College of Agriculture and Mechanic Arts ... 2 

North Carolina College of Agriculture and Mechanic Arts ... 2 

University of Pennsylvania 2 

South Dakota Agricultural College 2 

University of Tennessee 2 

Tufts College 2 

Tulane University 2 

Union University > 2 

Yale University 2 20. 

Bucknell University 1 

Carnegie Foundation for the Advancement of Teaching 1 

Carnegie Institution 1 
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Members. No. 



Gam^e Technical School 

UniTersity of Chicago 

Colorado College 

Colorado State Normal School 

Cornell College 

Delaware College 

Dorchester High School 

Hayerf ord College 

James Milliken University 

Uniyersity of Kansas 

Kansas City High School 

Lafayette College 

Louisiana State Uniyersity 

Uniyersity of Maine 

Manhattan Automobile School 

Massachusetts Agricultural College 

Michigan Agricultural College 

Montana College of Agriculture and Mechanic Arts 

Uniyersity of New Brunswick 

New York Public Schools 

New York Uniyersity 

North Georgia Agricultural College 

Philadelphia Public Schools 

Princeton University 

Prosso School 

Rutgers College 

Uniyersity College, Sheffield 

Kantonsschule, Solothum 

St. Louis Public High Schools 

Uniyersity of the South 

South Carolina Military Academy 

Uniyersity of Sydney 

Uniyersity of Syracuse 

State Agricultural College of Utah 

Vanderbilt University 

University of Virginia 

Washington Agricultural College 

Washington and Lee University 

Western University of Pennsylvania 
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SUMMARY BY OCCUPATIONS. 

Teacheri of. Practitioners. 

Architecture 3 1 

Biology 2 

Chemistry 3 2 

Civil Engineering 82 22 

Drawing 16 

Electrical Engineering 38 9 

Manual Training 8 

Mathematics 36 1 

Mechanical Engineering 69 17 

Mechanics 13 

Metallurgy 5 

Mining Engineering 14 7 

Physics 13 

Shopwork 3 

Trade-school 1 

Unclassified 9 15 

Deans only 7 

Presidents 20 

Total 342 73 



GENERAL SUMMARY 

Different Institutions represented:*— 

Colleges and University teaching Engineering, Domestic 85 

Foreign 6 

Manual Training, High, Correspondence, and Trade Schools .... 13 

Total Institutions 104 

Teachers, and, in many cases, also practitioners 342 

Practitioners, not teaching '. 73 

Total Members 415 
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Nov. 16, 1904. 
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Aug. 16, 1905. 
Feb. 20, 1906. 
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XrV, 287 


AT.REBT H. HETT.RB 
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John B. Johnson 


1893 
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"RonirRY ft. T^rmiATl, ..,-.- 


1894 


April 25, 1900. 


X, 261 


Bttbton S. Lanpheab 


1897 


October 14, 1904. 


XII, 249 


Benjamin F. La Rub .... 


1899 


Dec. 22, 1903. 


XII, 243 


Justus M. Shjiman 


1894 


April 15, 1896. 


VII, 184 


James H. Stanwood 


1894 


May 24, 1896. 


VII, 185 


Robebt H. Thubston 


1893 


October 25, 1903. 
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AiPHONSE N. Van Daell. . 


1897 


March 28, 1899. 


vn, 186 


John R. Waoneb 


1894 


January 21, 1899. 
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Fbanois a. Walkeb 


1896 


January 5, 1897. 
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HowABD S. Webb 


1897 

1893 


June 12, 1905. 
March 17, 1901. 


XrV, 286 


Nelson 0. Whttnet 


IX, 339 


Db V OLSON Wood 


1893 


June 27, 1807. 
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John Galbbaith, J. B. Johnson,* F. 0. Mabvin, 

C. D. Mabx. 
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William Kent, 



Stobm Bull, 
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L. G. Cabpenteb, Albebt Kingsbubt, 
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R. H. Thubston.* 
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M. A. Howe, I. N. HoLUS, 

P. C. RicKETTS, R. G. Thomas, 
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Terms of Office Expired In 190s. 

G. W. BiSSELL, J. J. Flathxb, 

F. W. McNaIB, J. M. POBTEB, 

A. J. Wood. 

Terms of Office Expired In 1903. 

D. C. Jackson, N. C. Rickeb, 
Edoab Mabbubo, a. L. WmiSToy, 
J. C. Nagle. 

Terms of Office Expired In 1904* 

Thomas Gbay, D. C. Humphbetb, 

W. G. Raymond, L. E. Rebeb, 

L. S. Randolph. 

Terms of Office Expired In 190s* 

L. J. Johnson, W. M. Towle, 

Elwood Mead, J. L. Van Obnum, 
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CONSTITUTION 

OF THE 

Society for the Promotion of Engineering Education 



1. Name.— This organization shall be called the Society fob 
THE Promotion op Engineering Education. 

2. Members.— Members of the Society shall be those who 
occupy, or have occupied, responsible positions in the work of 
engineering instruction, together with such other persons as 
may be recommended by the Council. 

Honorary Members of the Society shall be such persons as 
may be recommended by unanimous vote of the Council after 
a letter ballot. In taking this ballot, the Secretary is directed 
to close the polls one month after the names of the candidates 
are sent out. Councilors not heard from will be counted in 
favor of the candidate. Honorary Members shall not have the 
right to vote, shall not be eligible to office, and shall not be 
required to pay any fees or dues. 

Life Members of the Society shall be those members not in 
arrears who have paid Fifty Dollars into the Treasury of the 
Society at one time. 

The name of each candidate for membership shall be pro- 
posed in writing to the Council by two members to whom he 
is personally known. Such name, if approved by the Council, 
shall be voted on by the Society at the annual meeting; or, 
during the period between Annual Meetings, the Secretary may 
at any time submit to the council the names of candidates 
with the names of their sponsors. An affirmative letter ballot 
of three-fourths of those whose vote reaches the Secretary 
within one month of the time of sending out the names of 
candidates will suffice to elect. Such elections shall be 
credited to the previous Annual Meeting, and dues will date 
from that time. 
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3. Ofpicees.— There shall be a Presid«at, two Vice-Presi- 
dents, a Secretary and a Treasurer, each to hold office for one 
year. They shall be chosen by vote of the members at the 
annual meeting. 

4. Council.-— The Council of this Society shall consist of 
twenty-one elective members, one-third of whom shall retire 
annually. The officers and the Past Presidents of the Society 
shall be members of the Council ex officiis. 

Any member of this Society shall be eligible to election to 
the Council, provided that not more than one elective member 
shall be from any one college. 

Members of the Council shall be elected by ballot by the 
Society, at its annual meeting. 

The Council shall constitute a general executive body of the 
Society, pass on proposals for membership, elect candidates ad 
ifderim, attend to all business of the Society, receive and 
report on propositions for amendments to the constitution, and 
shall have power to fill temporary vacancies in the offices. 

5. Nominating Committee.— The Nominating Committee 
shall consist of the Past Presidents and the seven elective 
members of the Council retiring the following year, provided, 
however, that if, of this committee, the number in attendance 
at any meeting be less than five, the President shall make 
appointments so as to form a committee of five. 

6. Fees and Dues.— The admission fee, which shall also in- 
clude the first year's dues, shall be three dollars, and the an- 
nual dues thereafter three dollars, payable at the time of the 
annual meeting. Those in arrears more than one year shall 
not be entitled to vote, nor to receive copies of the Proceed- 
ings, and such members shall be notified thereof by the Secre- 
tary one month previous to the annual meeting. Any member 
who shall be in arrears more than two years and shall have 
been duly notified by the Secretary, shall be thereby dropped 
from the roll, excepting such arrearages shall be paid previous 
to the next ensuing annual meeting; and no such member 
shall be restored until he has paid his arrears. 

7. Meetings.— There shall be a regular meeting occurring at 
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the time and place of the meeting of the American Associa- 
tion for the Advancement of Science, or of some one of the 
National Engineering Societies, or otherwise as the Council 
may determine. 

8. Publications.— The Proceedings of the Society, and such 
papers or abstracts as may be approved by the Council, shall 
be published as soon as possible after each annual meeting. 

9. Amendments.— This Constitution may be amended by 
a two-thirds vote at any regular meeting, the amendment 
having been approved by a two-thirds vote of the Council, 
taken by letter ballot. 

RULES GOVERNING THE COUNCIL. 

First. The officers of the Society shall constitute a com- 
mittee to arrange the time and place of the annual meeting, 
and also to prepare a program for the same. 

Second. The President, Secretary and Treasurer shall con- 
stitute an Executive Committee, which shall have charge of all 
matters relating to the business affairs of the Society not 
otherwise provided for. 

Third. The reading of papers shall be limited to fifteen 
minutes each, and abstracts of the same of about three hun- 
dred words or less shall be printed when practicable and 
distributed in advance to the members. 

Fourth. The time occupied by each person in the discus- 
sion of any paper shall not exceed five minutes. 



PUBLICATIONS. 



The publications of the Society can be obtained from the 
Secretary, or from the publishers direct. The price of the 
bound volumes of the Proceedings is $2.50 to non-members, 
$2.00 to public libraries, and $1.50 to members for their 
libraries. 

Reprints of papers may be ordered when the paper is in 
type form, with or without covers, at a price depending upon 
the number of pages and copies desired. 



Proceedings. 



Monday, July 2, 1906. 



MOBNING SESSION, 9:30 o'OIiOGK. 

The fourteenth annual meeting of the Society fob 

THE PbOMOTION OF ENGINEERING EDUCATION WaS held 

in the lecture room of mechanical engineering of Sib- 
ley College, Cornell University, Ithaca, New York, 
July 2 and 3, 1906. The Society met as an afSliated 
society with the American Association for the Ad- 
vancement of Science. 

The meeting was called to order by the President, 
Charles L. Crandall, who delivered an address of 
welcome. 

The report of the Secretary, Milo S. Ketchum, was 
read and accepted. The report of the Treasurer, 
Frederick P. Spalding, was read, and was referred 
by the President to an Auditing Committee consist- 
ing of Professors Henry S. Jacoby, Henry H. Norris, 
and Fred Asa Barnes. 

The applications of the following persons having 
been approved by the Council, they were duly elected 
members of the Society: Byron B. Brackett, John J. 
Clark, Frank 0. Dufour, Frederick Or. Higbee, David 
E. Jenkins, Charles H. Lawrance, Oscar A. Leutwiler, 
Charles E. Lucke, George N. Mitcham, Charles H. 
Pierce, Louis Eouillion, Thomas B. Sears, Harold B. 

Shattuck, Charles F. Shoop, Charles S. Slichter, Earl 
1 1 
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B. Smith, Leslie A. Waterbury, J. Burkett Webb, 
Edson Bay Wolcott. 

No business coming before the general session, th^ 
literary exercises of the meeting were opened by the 
delivery of the Annual Address by the President, 
Charles L. Crandall, Professor of Bailroad Engineer- 
ing and Geodesy, College of Civil Engineering, Cor- 
nell University, on **The Graduate School in Engin- 
eering Education,^* 

The first paper of the session was on **The Train- 
ing of a Chemical Engineer, '* by Henry P. Talbot, 
Professor of Analytical Chemistry, Massachusetts 
Institute of Technology. It was read by the author, 
and was discussed by Professors Norris, and C. F, 
Allen, Mr. Bassett Jones, Jr., Professor Landreth 
and the author. 

The next paper was the **Eeport of the Committee 
on Tedinical Books for Libraries.'* As printed 
copies of the report had been sent to the members 
before the meeting, the reading of the report was 
omitted. Professor Arthur H. Ford, a member of 
the Committee, acted as its representative in the 
absence of Professor Charles F. Burgess, the Chair- 
man of the Committee. The rejwrt was discussed by 
Professors Van Omum and D. C. Jackson, Mr. Wiley 
and Mr. Bassett Jones, Jr., Professors Norris, H. P. 
Talbot, Magruder, A. N. Talbot, Ketchum, Ford, 
Tyler, C. F. Allen, and Swain. An author's closure 
has been added by Professor Burgess. On motion of 
Professor D. C. Jackson, the report was accepted as 
a report of progress, and ordered printed in its pres- 
ent form, and the present Standing Committee con- 
tinued. 

The ^'Beport of the Committee on Statistics of 



PB0CEEDIN08. 3 

Engineering Education*' was next presented by its 
Chairman, Professor Wm. T. Magruder. It was 
illnstrated by blue-prints. The report was accepted 
and the Committee continued. 

The next paper on the program was by Bassett 
Jones, Jr., Consulting Engineer, on **The Benefit of 
Philosophy to the Engineering Student.'* It was 
read by the author and was discussed by Professors 
Laudreth, Waldo, F. C. Caldwell, and Marvin, and 
replied to by the author. 

A paper on **The Justification of the Use of the 
Expression * Engineering Mathematics,' " by Arthur 
E. Haynes, Professor of Engineering Mathematics, 
University of Minnesota, was next presented and was 
read by the Secretary in the absence of the author. 
It was discussed by Mr. Bassett Jones, Jr., and by 
Professors A. N. Talbot, C. M. Woodward, Waldo, 
Henry T. Eddy, Tyler, Swain, C. F. Allen, Norris, 
and F. B. Williams. 

The **Eeport of the Committee on Industrial Edu- 
cation" was made by the Chairman, Professor Calvin* 
M. Woodward. It was discussed by Professors 
Swain, Tyler, Waldo, and the Chairman. It was 
accepted as a report of progress, and the Committee 
was continued, to report more fully in 1907. 

The last paper of the morning was on **The Dual 
Degree for Engineering Courses," by Paul C. 
Nugent, Professor of Civil Engineering, Syracuse 
University. In the absence of the author, it was 
read by the Secretary. 

AFTEBNOON SESSION, 2 o'CLOCK. 

The first paper of the afternoon session was by 
Charles S. Slichter, Professor of Applied Mathemat- 
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ics, University of Wisconsin. Its title was "The 
Improvement of the Freshman Year of Mathematical 
Instruction in Technical Schools.'* In the absence 
of the author, it was read by the Secretary. It was 
discussed by Professors Waldo, Norris, Marvin, D. C. 
Jackson, Landreth, Tyler, J. P. Jackson, and Jacoby. 

"The Standing Committee on Requirements for 
Graduation '' reported through its Chairman, Pro- 
fessor Wm. G. Raymond, that the Committee had no 
report to make this year. 

A paper on "The Standards to be Placed Before 
the Young Engineer,'* by James P. Munroe, Treas- 
urer of the Munroe Felt and Paper Company, was 
read by the Secretary. 

Henry H. Norris, Professor of Electrical Engineer- 
ing, Cornell University, then read his paper on 
"Blank Forms for Use in Electrical Engineering 
Instruction.** The paper was illustrated by samples 
of the blanks used in the Department of Electrical 
Engineering, of Sibley College, and was discussed by 
Professors Brackett, F. C. Caldwell, Ford, R. C. Car- 
penter, J. P. Jackson, with a closure by the author. 

The topical discussion on "Is the Design of Elec- 
trical Machinery a Profitable Undergraduate Study** 
was led by Professor Henry H. Norris. He was fol- 
lowed by Professor D. C. Jackson. 

The next paper was on "The Function of the Lec- 
ture in Technical Instruction.** It was read by the 
author, John P. Jackson, Professor of Electrical En- 
gineering, Pennsylvania State College. The paper 
was discussed by Professors Merrimaa, F. C. Cald- 
well, Swain, Marston, Norris, Jacoby, C. F. Allen, 
and the author. 
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Tuesday, JuiiT 3, 1906. 



MOBNING SESSION, 10 O'CLOCK. 

The first paper to be presented was by John F. 
Hayford, Inspector of Geodetic Work and Chief of 
Computing Division of the Coast and Geodetic Sur- 
vey, and was entitled **Why not Teach about Men, 
the most Difficult Tool an Engineer Uses!" It was 
discussed by Professors Abbott, D. C. Jackson, 
Brackett, Marvin, Magruder, C. F. Allen, B. C. Car- 
penter, Marston, Jacoby, Waldo, Merriman, Tur- 
neaure, McNair, Landreth, Swain, J. P. Jackson, and 
C. M. Woodward. The discussion was closed by the 
author. 

A paper on **The Work in the Mechanical and 
Electrical Engineering Laboratories of Sibley Col- 
lege '^ was read by the author, Bolla C. Carpenter, 
Professor of Experimental Engineering, Cornell Uni- 
versity. 

**The Federal Polytechnic at Ziirich from an Ad- 
ministrative Standpoint'^ was the title of a paper 
presented by B[arry W. Tyler, Professor of Mathe- 
matics, Massachusetts Institute of Technology. 

The ** Report of the Committee on Entrance Re- 
quirements for Engineering Colleges, '' by Professor 
John J. Flather, Chairman, was read by the Secre- 
tary. 

The topical discussion on **What Modifications in 
Engineering Instruction are Demanded by Recent 
Advance in Practice '' was led by Olin H. Landreth, 
Professor of Civil Engineering, Union University. 

The next paper of the session was by Francis C. 
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Caldwell, Professor of Electrical Engineering, Ohio 
State University, and was on the subject of ** Fraud 
in Examinations/' 

The paper by John J. Clark, Dean of the Faculty, 
International Correspondence Schools, on **The Cor- 
respondence School— Its Relation to Technical Edu- 
cation, and some of its Results, ' ' which had been pre- 
sented and read before Section D of the American 
Association for the Advancement of Science at its 
meeting on the Saturday previous, was read by title 
and ordered to be printed in the Proceedings of the 
Society. 

The Nominating Committee, consisting of Past- 
Presidents Swain, Merriman, Eddy, Marvin, Wood- 
ward, C. F. Allen, and Councilors Waldo, A. N. Tal- 
bot, and Eeber, made the following report through 
its Chairman, Professor Swain: 

For President: Dugald C. Jackson, Professor of 
Electrical Engineering, University of Wisconsin, 
Madison, Wis. 

For Vice-President: Eolla C. Carpenter, Professor 
of Experimental Engineering, Cornell University, 
Ithaca, N. Y., and Charles S. Howe, President of 
Case School of Applied Science, Cleveland, Ohio. 

For Secretary: William T. Magruder, Professor of 
Mechanical Engineering, Ohio State University, Co- 
lumbus, Ohio. 

For Treasurer: Anson Marston, Professor of Civil 
Engineering, Iowa State CoUege, Ames, Iowa. 

For Members of the Council whose terms are to 
expire in 1909: M. S. Ketchum, Professor of Civil 
Engineering, University of Colorado, Boulder, Col.; 
J. T. Hayford, Inspector of Geodetic Work and Chief 
of Computing Division of the Coast and Geodetic 
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Survey, Washington, D. C; Henry H. Norris, Pro- 
fessor of Electrical Engineering, Cornell University, 
Ithaca, N. Y.; C. F. Burgess, Assistant Professor of 
Electrical Engineering, University of Wisconsin, 
Madison, Wis.; J. A. Thaler, Professor of Electrical 
Engineering, Montana College of Agriculture and 
Mechanic Arts, Bozeman, Mont.; A. M. Greene, Jr., 
Professor of Mechanical Engineering, University of 
Missouri, Columbia, Mo. ; T. W. Pahner, Professor of 
Mathematics, University of Alabama, University, 
Ala. 

On motion, the Secretary of the Society was in- 
structed to cast the unanimous ballot of the members 
present for the list of oflScers as proposed by the 
Nominating Committee. He did so, and the Chair- 
man declared them elected. 

On motion, the meeting then adjourned. 

The following members were present at the meet- 
ing and registered: C. Frank Allen, Charles Whiting 
Baker, B. B. Brackett, A. T. Bruegel, F. C. Caldwell, 
John J. Clark, C. L. Crandall, F. 0. Dufour, Henry 
T. Eddy, S. S. Edmands, A. H. Ford, Jos. H. Hawes, 
Dugald C. Jackson, John Price Jackson, Henry S. 
Jacoby, Bassett Jones, Jr., Milo S. Ketchum, Olin 
H. Landreth, Wm. T. Magruder, A. Marston, F. O. 
Marvin, Mansfield Merriman, Henry H. Norris, E. 
L. Ohle, T. W. Pahner, Louis E. Eeber, Edward 
Eobinson, G. F. Swain, Arthur N. Talbot, H. P. Tal- 
bot, J. A. Thaler, F. E. Tumeaure, H. W. Tyler, W. 
0. Wiley, Frank B. Williams, Arthur J. Wood (36). 

The following members were present at the meet- 
ing, but did not register: John H. Barr, Rolla 0. 
Carpenter, John F. Hayford, Charles S. Howe, Fred 
W. McNair, Calvin M. Woodward (6), and possibly 
others. 
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Report of the Tkbasubeb. 

SUMMABT OF BeOEIPTS. 

Cash on hand, July, 1906 - $ 610.66 

Current and Puture Dues 920.00 

Past Dues Collected 114.00 

Sale of Beprints to Authors 26.66 

Sale of Proceedings 69.62 

$1639.64 

SUMHABT OF EzPENDITUBES. 

Printing and Espress, Proceedings $ 606.68 

Expenses, Atlantic City Meeting 124.68 

Treasurer's Expenses « 60.60 

Conunittee on Statistics 11.66 

Secretary's Expenses, 1904-06 39.80 

Secretary's Expenses, 1906-06 69.00 

Care of Proceedings (Secretary's expenses to Lancaster) 30.00 

Beprints for Authors 61.94 

Secretary's Honorarium 100.00 

Balance, Cash on hand * 646.44 

$1639.64 
Be&^ectfully Enibmitted, 

Frederick P. Spalding, Treasurer. 

"We have examined the accounts of the Treasurer, compar- 
ing the vouchers with the items of the above report, and find 
the same to be correct. 

Henry S. Jacoby, 
Henry H. Norbis, 
Fred Asa Barnes. 

Ithaca^ N. Y., 
Septemiber 6, 1906. 

Report of the Secretary. 

The membership of the Society has increased from 379 at 
the beginning of the Atlantic City Meeting to a present mem- 
bership of 400. With the active cooperation of the members 
of the Society, the membership should be materially increased. 
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During the past year the Committee on Technical Books 
for Libraries has made a report, printed copies of which have 
been distributed to the members. The numerous requests for 
the first report of this Committee from libraries and individ- 
uals makes it certain that the second report will prove to 
be of great value. 

The work of the Secretary is increasing very rapidly and 
the question of providing material assistance to this officer 
of the Society is one that needs consideration. 

The Society has lost by death Howard S. Webb, Professor 
of Electrical Engineering, University of Maine ; Lyman Hall, 
President, Georgia School of Technology, and Albert H. 
Heller, Professor of Structural Engineering, Ohio State Uni- 
versity. 

Respectfully submitted, 

Mnx) S. Kbtchum, Secretary, 



ADDRESS OF WELCOME. 

BY CHARLES L. CRANDALL, 
Professor of Railroad Engineering and Qeodesy, Cornell Uniyerftitj. 

It gives me pleasure to extend to you the hospital- 
ity of Cornell at this the fourteenth annual meeting 
of the Society for the Promotion of Engineering Edu- 
cation. The Society, organized as an outgrowth of 
the Educational Congress held at the World's Fair 
at Chicago in 1893, has grown until its list of about 
400 members includes the names of nearly all the 
leading engineering educators in this country. 

During this period it has exerted a very marked 
influence in the interests of technical education. The 
reports of its standing committees have done much 
towards systematizing both the requirements for en- 
trance for the different schools, and the courses of 
study and the requirements for the various engineer- 
ing degrees. The papers and discussions together 
with the printed yearly reports have brought about a 
clearer conception of the ideals of engineering educa- 
tion and the requirements of engineering practice. 

It is not too much to say that this Society has been 
one of the prominent factors in placing American 
technical education on a par at least with any in the 
world. 

Cornell is a most appropriate place for a meeting 
of this Society. Founded under the Morrill Land 
Grant Act for the Promotion of Agriculture and 
Mechanic Arts, and opened in 1868, it early developed 
courses in engineering and the sciences and broke 
away from the old traditional methods of instruction. 

10 
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For the scientific departments^ the entrance require- 
ments were low and did not include Greek and Latin. 

With the growth of the University came the divi- 
sion into colleges as follows: 

College of Arts and Sciences, 

College of Law, 

Medical College, 

New York State Veterinary College, 

College of Agriculture, 

College of Architecture, 

College of Civil Engineering, 

Sibley College of Mechanical Engineering. 

The requirements for admission have been gradu- 
ally raised so that now they include for engineering, 
mathematics to analytics, three years of high school 
English, one history, and two modem languages, one 
of which can be replaced by Latin, or in part by sci- 
ence. These are equivalent to the requirements in 
the course in arts. 

The civil engineering course includes about IJ 
years of mathematics, science and political economy 
taught by the College of Arts and Sciences, 2^ years 
of technical work taught in the college and J year of 
technical work taught in Sibley College. 

About i (or 9 count hours) of the senior year is 
elective. 

Laboratories for instruction in engineering were 
early introduced, the late Dean Fuertes of the Col- 
lege of Civil Engineering claiming to have been the 
first to make use of them. 

During the past year there were 1,086 students in 
mechanical and 418 in civil engineering, or a total of 
1,504 in undergraduate courses. 

The instructing force in mechanical engineering in- 
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eludes 7 professors, 8 assistant prof essors, 22 instmc- 
torSy and 14 shop foremen and assistants. In civil 
engineering, 3 professors, 6 assistant professors, and 
20 instructors. This gives a total for engineering of 
10 professors, 14 assistant professors and 42 instruc- 
tors beside the shop force of 14. 

The total number of students in the university is 
3,385. 

In conclusion allow me to express my appreciation 
of the honor conferred upon the University in select- 
ing for its president one who has been identified 
with the civil engineering department since its foun- 
dation, with the exception of If years immediately 
after graduation. 



THE GRADUATE SCHOOL IN ENGINEERING 

EDUCATION. 

BT CHABLES L. CRANDALL, 
Professor of Railroad Engineering and Geodesy, Cornell Universitj. 

The time which the average American student 
should spend in a technical school has been much dis- 
cussed both in this society and out of it, and the con- 
clusion seems to be that the limit should be four years. 
In regard to the time which should be spent in prep- 
aration, agreement is not so close. This is in part 
due to the failure of the preparatory schools to re- 
spond to advanced college entrance requirements, 
thus preventing an increase in the time required for 
preparation even if desired. There is a marked ten- 
dency however to encourage, if not to require, a 
decided increase in general training for entrance; the 
effect of this is to relieve the college course of liter- 
ary subjects and thus give more room for technical 
ones. The time given to the technical work of the 
course is thus still on the increase, although the entire 
college course has a fixed length. 

Many students take an A.B. degree before beginning 
a technical course, requiring six years if the two 
courses are well correlated or seven if they are not. 

The time devoted to education for the engineering 
profession is thus on the increase despite the four 
year limit placed upon the technical course. 

At the end of this four-year course the average 
student who may wish to take up advanced work or 
become an engineering teacher is usually advised to 

13 
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first enter active practice for a few years in order to 
better appreciate the spirit and field of engineering. 

On the other hand many of the large companies 
employing engineers prefer to take them at this period 
in order to train them in their methods and for their 
special needs. 

The supply of men is far short of the demand so 
that no difficulty is experienced in obtaining positions 
and fairly rapid promotions. 

Under these conditions the demand for graduate 
work must be small. It is however real and a demand 
which will increase in the near future. The field of 
engineering is broadening rapidly and its technical 
requirements are becoming more exacting. This 
makes necessary a broader and more thorough edu- 
cation and an earUer speciaUzation. When the supply 
of young engineers again reaches or exceeds the de- 
mandy advanced engineering education will be sought 
as a means for advancement. When the speaker 
entered the profession, engineering education and a 
college degree were drawbacks in securing a posi- 
tion. Now they have come to be appreciated by the 
profession and to be demanded of the young man 
seeking a position. 

To meet the demand for graduate work a large 
number of our engineering schools have established 
advanced or graduate courses of study in connection 
with their undergraduate ones. This is believed to 
be the natural and desirable line of development. 
The dividing line between undergraduate work as 
carried on at our best schools and graduate work is 
not sharply defined. With the great variations in 
undergraduate courses at the different schools, many 
students will come for graduate work who will wish 
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to round out their undergraduate course. The grad- 
uate school will elevate the ideals and aid in vitalizing 
the work of the undergraduates, acting on both the 
faculty and students. Much of the apparatus can be 
used in common, while many members of the faculty 
would give instruction and look after the needs of 
both. 

The development for civil engineering at Cornell 
University may be of interest as somewhat typical 
for the American school. 

At the opening in 1868, the degree of B.C.E. was 
provided for the four-year course, which was about 
one third technical and two thirds science and general 
culture. The master's degree of C.E. could be ob- 
tained after two years of additional study and prac- 
tice by passing the requisite examinations. Twenty 
advanced degrees were taken on this basis between 
1868 and 1891 inclusive. 

In 1880-1 a one-year prescribed course of resident 
graduate study with free tuition was added as an 
alternate for the two years of additional study and 
practice, but no C.E. degree was ever conferred on 
this basis. 

In 1885-6 the degree for the four-year course was 
changed to C.E. and the graduate course was replaced 
by prescribed courses in six different specialties, the 
student taking his choice between them. Seven uni- 
versity graduate fellowships of the value of $400 each 
were established in 1884-5. This number was in- 
creased to fifteen in 1891-2. 

The first master's degree for resident graduate 
work was granted in 1890-91, and this should be taken 
as the date for the beginning of graduate work in 
civil engineering at Cornell. Since that time 34 mas- 
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ter's degrees have been granted, about one half for 
resident graduate work and the other one half for 
non-resident. Tuition for graduate study was added 
in 1893-4 and this has cut off all non-resident study 
for the master's degree. 

The college now has one graduate fellowship pay- 
ing $500 and one graduate scholarship paying $400. 
No prescribed graduate courses are offered. The 
student chooses a major and one or two minors under 
the general regulations of the graduate department 
of the university and he is looked after by a special 
committee consisting of the professors in charge of 
the major and minor subjects. 

Our students are also eligible for, and several have 
taken, the degree of Doctor of Philosophy under the 
same general system as for the master's degree. 

From such catalogues as were available, represent- 
ing seventeen of the leading civil engineering schools 
of this country giving graduate courses, we find there 
were teaching civil engineering subjects for the year 
1905-6: 

50 full professors, or an average of 3 per school, 
the greatest number being 5, the least 1. 

24 assistant and associate professors, average 1.5; 
or 74 professors, average 4.5, greatest 9, followed by 
two of 7 each, three of 5 each, and two of 4 each. 

58 instructors, average 3.4; greatest 20, least 2. 

43 assistants, average 2.5; greatest 10, least 0; or 
101 instructors and assistants, average 6. 

Professor C. D. Marx, in a private pamphlet pre- 
pared for ComeU University last year, gives the fol- 
lowing data for the civil engineering departments for 
three of the German technical schools for the sum- 
mer session of 1905. 
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Technische Hochschalei Berlin* 
Technische Hochachule, Aachen 
Tecliniflche Hochschnle, Danzig. 



Adranoed 
Students. 


Underffraduate 
Students. 


1 


Priyate 
Docents. 


• 

a 
1 

5 
1 


146 
21 

64 


415 
67 
44 


14 

7 
6 


8 



* These figures do not include instructors and assistants, nor those 
professors teaching mathematics, mechanics and descriptive geometry. 

The Berlin school was established as a **Hoch- 
schule'' in 1879. The school at Aachen was founded 
in 1870, and that at Danzig was opened for instrao- 
tion in October, 1904. 

The best of our civil engineering technical schools 
compare favorably with those at Aachen and Danzig 
as to the number of professors per school or per 
graduate student, but not as to the number of pro* 
fessors per total number of students. We have noth- 
ing to compare as to number of professors with the 
school at Berlin, the tendency here being to provide 
for additional students not by additional professors 
but by instructors and assistants. This tendency has 
been carried too far in all or nearly all our large 
schools with the result of lowering the grade of in- 
struction. 

On the whole the comparison warrants the belief 
that our existing schools are ready to meet, if not to 
anticipate, the demand for high grade advanced work 
as rapidly as it develops. 

Some of the characteristics of German technical 
education are well brought out by Mr. Bashford in 
the Fortnightly Review, Vol. 84, 1905. He says that 
** there is no example in the history of education that 
can be compared with the rapid and extraordinary 

2 
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progress of technical ediication that has taken place 
within the last thirty years in Germany/' **They 
have all along recognized the bearing of science upon 
industry.'* ** Germany has ten technical universities, 
viz., at Aachen, Hanover, Berlin, Danzig, Dresden, 
Brunswick, Munich, Karlsruhe, Darmstadt, and Stutt- 
gart.'' '*The number of students at all these ten 
universities now exceeds 17,000." **The aim of the 
German technical universities is to aflford a higher 
training for the technical calling, and to cultivate 
those arts aad sciences which belong to the field of 
technical instruction." 

^^The fees for lectures and laboratory work will 
not exceed £15 to £17 10s." 

**The Minister of Education in Prussia has intro- 
duced a plan for selecting men as professors who 
have distinguished themselves as practical engineers, 
and who combine a solid foundation of the knowledge 
of the theory of their work with suflBicient practical 
experience. ' ' 

Mr. Vanderlip in Scribner^s Magazine, Vol. 37, 
1905, says, **The theory of education in Germany has 
been that it should be the work of the government 
schools to turn out the most efficient economic units, 
while the task of the captains of industry was to 
organize these units into the most effective economic 
corps possible." ** Germany is a land of small sal- 
aries, and we are supposed to be ready to pay more 
than any country for the desirable services of any 
man. I was surprised, therefore, to learn that we 
could not attract some of the great professors of in- 
dustrial chemistry to our own institutions, because we 
could not pay salaries that would approach the sal- 
aries which they received in Germany." **A pro- 
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fessor of industrial chemistry in one of the great 
technical schools will not only be regarded as a leader 
in scientific circles, bnt he will occupy an intimate and 
most remunerative relation towards industrial enter- 
prises. I was told that the professor of industrial 
chemistry in the technical high school of Charlotten- 
burg received a salary of $25,000 a year.'' ^^The 
higher remuneration in Germany is possible because 
of the intimate relation which has been built up be- 
tween the schools and the great industries. The 
problems which came before the managers of these 
industries are laid before the technical schools, and 
the schools are well paid for solutions of these prob- 
lems. Then, in turn, industry flourishes because of 
the superior methods which these technical experts 
invent. ' ' 

In studying the German system we can note with 
most advantage the close relation between the schools, 
the industries and the profession, the professor being 
a specialist able to direct design and research in ac- 
cordance with the best in practice. 

WaddelPs well-known address on Higher Educa- 
tion for Civil Engineers, published in his Professional 
Papers, contains some valuable suggestions. He 
thinks that the time is not far distant when the first- 
class course in civil engineering will occupy five 
years. 

For the post-graduate course he would have a com- 
paratively small corps of permanent professors and 
have most of the instruction given by practicing en- 
gineers who were the best known and most competent 
in the profession. Origiual investigation by both the 
professors and the students should be provided for 
and encouraged in every way and the results pub- 
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lished by the institution. These investigations should 
tend to improve engineering practice or lead to valu- 
able discoveries in technical science. A large and 
complete testing laboratory should be in use as part 
of the curriculum, while designing should be the 
method of instruction as far as practicable. He 
would have the graduate school separate from the 
undergraduate. 

In conclusion it may be said that the present de- 
mand is for men better trained in the undergraduate 
or four-year course, men with broader general educa- 
tion and high ideals who are well grounded in mathe- 
matics, economics and the sciences as applied to engi- 
neering. Technical skill is also demanded, but capac- 
ity for development is the essential requisite. 

The experience of Col. Prout as expressed in an 
address at the reunion of the Cornell civil engineers 
last year is significant. He says that *4t is my con- 
stant observation of four engineering works, employ- 
ing about 20,000 men, that the engineers reach the 
limit of their usefulness from defects of character, 
rather than from want of technical attainments. Our 
greatest difficulty is to find courage, candor, imagina- 
tion, large vision and high ambition. I do not know 
which of these qualities is most often lacking, or 
which is most essential. The lack of courage and 
candor comes most often to my notice, but the lack 
of imagination and of broad outlook produces the 
most serious disasters. '^ 

In meeting this demand for undergraduate work 
maay of our schools have secured an instructing 
force and an equipment suitable for investigation and 
graduate work. The number of students, graduate 
and undergraduate, doing advanced work is relatively 
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small, but it is on the increase. The nninber engaged 
in research work in the universities with which many 
of the schools are connected is also on the increase. 
At three of the leading German engineering schools, 
29 per cent of all the civil engineering students at- 
tending the summer session last year were taking 
advanced work and 32 per cent, of those in mechan- 
ical and electrical engineering. 

This leads to the belief that the demand must 
steadily increase here. 

The method of instruction by design and research 
under the direction of specialists who are consulting 
engineers of high standing in practice, as advocated 
by Waddell, is difficult of execution even when the 
consulting engineer is relieved of most of the detailed 
work of instruction by a resident assistant. The suc- 
cessful consulting engineer who is at the same time a 
good teacher and who is willing to scatter his forces 
between the two is rare. 

The writer believes that tiie engineering professor 
should be first of all a teacher. He should also be 
an engineer. Many of our most successful teachers 
even for advanced work are familiar with tiie needs 
of practice and the border line of engineering knowl- 
edge through engineering literature, contact with en- 
gineers and research work at the school, rather than 
from actual practice in recent years. Many of our 
successful teachers are however consulting engineers. 



THE TRAINING OF A CHEMICAL ENGINEER. 

BY HENRY P. TALBOT, 

Professor of Inorganic and Analytical Chemistry, Massachusetts 

Institute of Technology. 

Chemical engineering is probably the latest, and 
seemingly the least well-defined of the various phases 
of the engineering profession. The civil, the mechan- 
ical, the mining, the electrical, and the sanitary engi- 
neer, each occupies a recognized position, and tiie 
scope of his profession is quite definitely delimited in 
the public mind. But the query is not uncommonly 
propounded, '^Just what is a chemical engineer?" 
and the answer is not easily put in a concise form. 

The chemical engineer may be defined as a person 
with a thorough, fundamental knowledge of chemis- 
try, theoretical and applied, who also possesses such 
a knowledge of engineering theory and practice as to 
be able to transform the reaction of the notebook and 
the laboratory into a commercial plant, capable of 
operation on a technical scale and at a fibaancial profit. 
His profession, as distinct from that of the chemist 
on the one hand, or the engineer on the other, is in 
part an outgrowth of the largely increased investment 
of capital in plants of great size and productive ca- 
pacity, which has created a demand for men to fill 
the various positions involving superintendence and 
responsibility who have such an insight into the 
domain of both engineer and chemist that they can 
give general direction to the work and understand 
what may be properly required of each, and can ren- 
der the results obtained in the laboratory effective 
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by the incorporation into the works of the necessary 
apparatus for operation on a commercial scale. 

Two other factors have also contributed to the de- 
mand for the chemical engineer with his capacity for 
a broad general oversight, namely, the pressure of the 
demand for greater refinement of product which is 
increasingly felt by the manufacturers, and the neces- 
sity for the greatest economy of labor, power and 
materials. The waste product of yesterday, often a 
source of great annoyance, has become a source of 
profit to-day through such an intelligent criticism of 
a plant, and through such cooperation between its 
various parts as the chemical engineer can supply. 

If this summary is accurate, it is at once evident 
that the training for such a profession must be of the 
broadest type, and that it must involve a most care- 
ful selection from among an almost bewildering va- 
riety of subjects; for the chemical engineer must, 
beside being a chemist— and hence something of a 
physicist, mathematician and linguist— also be some- 
thing of a mechanical engineer, and cannot altogether 
neglect the problems of electricity in its commercial 
bearings. 

Whether all these can be adequately provided for 
in four years may be doubted. Five years would 
unquestionably be better, but the popular demand 
requires that the effort shall be made to solve the 
problem as best it may be met in four years, and in 
what follows it is assumed that only this period is 
allowed. 

Assuming that the chemical engineer is a combina- 
tion of the chemist and the mechanical engineer, 
should his training be mainly that of a chemist, or 
mainly that of an engineer! Opinions will doubtless 



24 THE TRAINING OF A CHEMICAL ENGINEER. 

diverge somewhat at this point. A careful considera- 
tion of this question, and a somewhat extended con- 
ference with employers of industrial chemists, as well 
as with practicing chemists themselves, led the writer 
to the conclusion that the main stress should be laid 
upon the chemical side in a course of training for a 
chemical engineer in a college or technical school, and 
this for two reasons : 

First, because the man at present demanded by the 
chemical industries and those involving chemical proc- 
esses must apparently be primarily a chemist in the 
proper use of the term; aud. 

Second, because, if either chemical or engineering 
subjects must be acquired in part after graduation 
from the systematic instruction of the classroom and 
laboratory, engineering subjects are more easily 
haudled, provided the foundation for such indepen- 
dent study has been well laid. In a four-year course, 
then, the proportion of time devoted to chemical sub- 
jects should exceed that given to engineering sub- 
jects, possibly even in a ratio of three to two. 

The chemical instruction must necessarily be gen- 
eral and fundamental rather than specialized. It 
should include general inorganic chemistry, for a 
year, possibly merging into qualitative analysis, 
which subject should also occupy a succeeding half 
year. The instruction in quantitative analysis should 
aim to train accurate, intelligent, critical analysts, 
rather than men with simply a knowledge of methods, 
and should, if possible, include problems of proximate 
as well as ultimate analysis, to develop ingenuity and 
self-reliance. Organic chemistry should be thor- 
oughly taught through lectures, recitations and labor- 
atory practice, and theoretical and physical chemistry, 
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also with accompanying laboratory practice, should 
be continued throu^ at least one year of the course. 
All of the foregoiQg fundamental subjects should 
be presented essentially from a *'pure science'* stand- 
point (although the wise teacher will vitalize his in- 
struction by frequent recourse to his own professional 
experiences), and the young man who is in training 
for the industrial arena should be made to feel that 
he will find the apparently non-technical phases of 
the science the mainstay of his professional work. 
But there should also be a course in industrial, or 
applied chemistry, in which the technical aspects of 
the science are frankly treated. Such a course should 
best be given by an instructor of some maturity and 
with experience gained in technical positions, through 
service as an expert, or by frequent visits to operat- 
ing plants. In the lecture room, details of methods 
should be carefully subordinated to the presentation 
of types of apparatus or processes, with the under- 
lying reasons for their selection to secure a given 
result, and no opportunity should be lost for a demon- 
stration of the application of the so-called theoretical 
chemical principles in commercial practice. This 
classroom instruction should be accompanied by and 
coordinated with a laboratory course which should 
be so conducted as to bring to the student a realiza- 
tion of the meaning of what has been called the * * eco- 
nomics of chemistry.'' Such a course has been fully 
described by Dr. W. H. Walker in the Technology 
Review (Vol. 6, page 163). The experiments **are 
selected not so much for their intrinsic merit or rela- 
tive importance as for the ease with which they may 
be adapted to laboratory conditions and the exactness 
with which the several factors making up their final 
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efficiency may be controlled/' Some of these factors 
are cost of materials, cost of reagents, mechanical 
difficulties to be overcome and types of apparatus and 
kinds of material available, the control of reactions 
involved, the use of scientific tables in technical work, 
the use of instruments of technical accuracy little 
known in other lines of work, the value of waste or 
wash liquors and their utilization, the purity of the 
product, aud the presentation of a systematic report. 
Such factors as the cost of labor or power, the depre- 
ciation of plant, or interest on investment, are not, of 
course, directly subject to determination in the labor- 
atory but these are taken up and discussed in con- 
ference. The work is further arranged in such a way 
that several students will work simultaneously upon 
a given problem, a single factor being altered by eadi, 
the final results being discussed in conference, and in 
all this the spirit of investigation is carefully fostered. 

In a course of this character, no claim is made that 
actual industrial conditions are duplicated; it is the 
industrial trend of the course which constitutes its 
value, and the things which it suggests and the points 
which it raises for discussion and conference are its 
vital features. These suggestions are avowedly based 
upon work which has been carried out upon a very 
small scale in comparison with an industrial plant, 
and many of the problems of the latter can neces- 
sarily only be dimly realized by the student. 

Another suggestion has been made that a small 
plant, composed of units from a limited nimiber of 
larger chemical plants for the production of such 
products as muriatic or nitric acids, or electrolytic 
bleach liquor should be established, and operated by 
students. This contemplates a closer approach to 
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working conditions, and would possess certain un- 
questionable advantages. Against these must, how- 
ever, be placed the very considerable cost of housing, 
establishment and maintenance of a plant of this sort, 
the present (although not insuperable) difficulties in 
adapting the work in such a plant to the schedules 
of the college year, and the fact that this would, after 
all, be but another stage in the progress toward actual 
industrial conditions, without having attained them. 
Just where the balance between these considerations 
would lie is a question which deserves the serious 
thought of those entrusted with the charge of chem- 
ical instruction. 

As a preparation for the chemical and the engineer- 
ing sides, and of about equal importance to both, there 
must necessarily be included in a course of chemical 
engineering such mathematical subjects as advanced 
algebra, trigonometry, analytic geometry, and dijBfer- 
ential and integral calculus, to which, for the benefit 
of the instruction in thermodynamics, differential 
equations might well be added if time permits. 

Similarly, a thorough course of instruction in phys- 
ics of at least a year's duration and made up in part 
of laboratory practice is a prime essential to the suc- 
cess of the chemical or engineering subjects and 
should come not later than the second year of the 
course. Mechanics, light, heat, and electricity, will 
naturally take up the main portion of the time devoted 
to this science. 

The subjects to be included on the engineering side 
will necessarily depend upon the residual, available 
time. Descriptive geometry will doubtless be found 
an early requisite, and this may be followed by courses 
in mechanism, applied mechanics, and thermodynamics 
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and steam engineering, which will, of course, be ac- 
companied by the needful practice in mechanical engi- 
neering or boiler drawing, and by work in an engi- 
neering laboratory. These courses could all be 
adapted somewhat to the special needs of the student 
of chemical engineering, but their primary purpose 
should be to deal with the subject matter so funda- 
mentally and thoroughly, ihat they may furnish, so 
far as they go, a safe foundation for later, independ- 
ent effort and study. The instructor will, if he be 
wise, naturally draw his illustrations mainly from 
those types of machines, engines, boilers, furnaces, 
evaporators, or what not, with which his student is 
most likely to come into contact, and the drawing 
required will be selected with some reference to its 
direct helpfulness. The choice of details for such 
courses may better be left to the engineering depart- 
ments than be suggested by one who must view the 
matter essentially from the standpoint of the chemist. 

In addition to all that has been outlined, time must 
be found for instruction in French and German, so 
essential to the chemist. Two years of instruction in 
each language will probably be required, one of which 
may, however, be relegated to the preparatory school. 

There must also be some provision for the acquisi- 
tion of a little skill in metal working, and in the 
haudling of electric currents of commercial magni- 
tude; and some knowledge of methods of hydraulic 
measurements is desirable, if possible. 

The term * draining'' which has been employed in 
the foregoing should be interpreted in a broad sense, 
for no course can be wholly successful which is not 
one of education rather than mere training or drill. 
It is assumed that the instruction in the fundamental 
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subjects enumerated will be given upon broad lines, 
and in addition there should be opportunity some- 
where near the close of the course for a piece of 
research work on the part of the student which will 
let him discover his ability, if he possesses it, to grap- 
ple with new problems and to rely on himself. The 
time available for such work will probably be short, 
perhaps 200 hours, and the problem will not prob- 
ably be one of epoch-making character; but, if it is 
conscientiously dealt with, it will mean that the stu- 
dent goes out into his technical career with greater 
confidence in himself to meet untried conditions. 

No reference has been made to so-called cultural 
studies, or to economics or business law, as these, 
although of great importance, lie somewhat outside 
of the scope of the present paper. 

It scarcely needs to be reiterated that the training 
of a chemical engineer demands five years rather than 
four, and it seems clear that our students should be 
encouraged to spend an additional year whenever that 
is possible. Such a year may well be devoted to the 
development of their training on the mechanical side, 
including a somewhat larger experience in shop-work, 
drawing, engineering laboratory, and such additional 
subjects as machine design, mill-management, etc., 
while such chemical subjects may be taken as will 
lead to a more specialized knowledge of that science. 
The work accomplished in such a post-graduate year 
may well be of a character which entitles it to recog- 
nition by the awarding qf a master *s degree, thus 
giving it additional attractiveness. 

Discussion. 

Professor Norris: I would ask Professor Talbot if 
his idea is that a man can be both a satisfactory 
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chemical and a satisfactory electrical engineer, that 
is to say, can one of these large electro-chemical 
plants get along with but one man? 

Peofessob H. p. Taubot: I hardly think that a 
graduate from a course in chemical engineering can 
be both a well-trained chemical engineer and a well- 
trained electrical engineer with but four years of 
study. A course of this length may, however, be 
planned with the expectation of training him thor- 
oughly in chemistry, and giving him such a funda- 
mental knowledge of mechanical or electrical engi- 
neering that he can get a start in these lines from 
which he can develop himself according to the de- 
mands of his work. The problems confronted in lay- 
ing out such a course are like those met with in a 
course of sanitary engineering, where something of 
chemistry and biology must be included with the civil 
engineering requisite for success in the field of sani- 
tary work, and four years scarcely suffice for the mas- 
tery of even the fundamental notions of this variety 
of subjects. 

Formerly the course in chemical engineering at the 
Massachusetts Institute of Technology was essentially 
one of mechanical engineering, with an amount of 
chemistry added which bore about the same relation 
to the total time that the mechanical engineering sub- 
jects bear to-day. The change was made primarily 
because it appeared to us that the present demand 
for men to occupy positions which may be regarded 
as those of chemical engineers requires that they shall 
have been educated primarily as chemists rather than 
as engineers. 

Pbofessob Nobbis: My question was, can one engi- 
neer operate a moderate-sized electro-chemical plant t 
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There is the question of getting the material through 
the plant economically and that is a mechanical engi- 
neering problem. 

Professor H. P. Talbot: The technical field has 
become so largely subdivided that there are many 
phases which require specially trained men. My idea 
is that such a man as has been spoken of would ulti- 
mately meet requirements even if he did not do so 
immediately upon graduation, because he would ac- 
quire considerable knowledge after he had entered 
' actual service. If I understand your question, the 
man you refer to should be in a position to act as 
superintendent, and it may be an open question 
whether he should not have been trained as a mechan- 
ical engineer and have acquired his chemistry after- 
ward, but a chemical engineer trained as I have de- 
scribed might still, I think, fill the position after he 
had acquired additional practical engineering expe- 
rience. 

Professor Norris : A man must grow to be an engi- 
neer. It takes five or ten years to do so. 

Professor C. F. Allen : I agree with what has been 
said and I have in mind a friend of mine who is engi- 
neer for one of the most important chemical com- 
panies in the country, and who considers himself a 
chemical engineer. He is a graduate of one of the 
Eastern colleges, not the one with which I am con- 
nected. He was graduated as a civil engineer, but 
he has had the fundamental training; his work is 
largely that of a mechanical engineer; he occupies a 
position that I take it is not easily filled. He suc- 
ceeded, of course, because he had good training. 

Mr. B. Jones, Jr.: In his paper Professor H. P. 
Talbot spoke of the popular demand for a course not 
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extending over more than four years. If we all be- 
lieve that the public is wrong in this, and that a 
proper modem professional education cannot be en- 
compassed in the shorter period, then it is our duty 
to insist upon what we know to be right, and not to 
allow the efficiency of our schools to be decreased by 
any pandering to public opinion. It is the duty of 
the teacher to mould public opinion, and when the 
public is wrong it is the business of the teacher to set 
it right. 

It is unfortunate that financial necessities have 
often been the dominating influences in education, but 
if we are to succeed in giving our young men the right 
sort of education, we must have the courage of our 
convictions and carry out our ideas regardless of the 
cost to ourselves. A little reflection will show that 
the men who have done most to benefit the world have 
always been men of strong ideas and great moral 
courage ; men who have always been ready to sacrifice 
themselves in furthering the right. 

Professor Landbbth : The problem of the best and 
most efficient organization in the management of con- 
structive and industrial operations has been before 
the engineering profession long and often. One of 
the latest forms of the question concerns the proper 
organic relation of the engineer to the architect in the 
construction of extensive buildings which require the 
services of both in their design and erection. In such 
cases, shall the architect be supreme and the engineer 
subordinate, or shall the order be reversed? Shall 
each be independent, or co-ordinate, in authority! 
Other forms of the question concern the engineer and 
his work in the maintenance-of-way department of 
railways, the organization of the technical force in 



THE TBAIKINO OF A OHEMIOAIi EKGIKEEB. 33 

maaufactormg establishments^ and the personnel of 
important public commissions dealing with technical 
matters. 

Without attempting to indicate or suggest in detail 
the proper status of the engineer in the various situa- 
tions in industrial activity or to predict the outcome 
of the consideration whidi these problems are now 
receiving, it may be stated as an accomplished f act, 
not likely in general to be changed, that industry in 
every great and successful enterprise is carried out 
under the direction of one mem having more or less 
absolute authority and held responsible more or less 
closely for results. He is the selector as well as the 
director of his aids and specialists, but is not a spe- 
cialist himself, unless we may speak of him as a 
specialist in the exercise of administrative functions. 
In aU such enterprises the highly skiUed aad special 
work must be done by specialists and they are, of 
course, essential to the success of the enterprise; but 
it is equally important that there should be men form- 
ing the skeleton of the scheme of organization who 
stand in the direct line of authority and responsi- 
bility and who in this relation are the subordinates 
of their superiors and the superiors of their subor- 
dinates. The proper exercise of the functions of 
these men calls for a knowledge and ability quite dis- 
tinct from that of the specialists. In place of a 
highly specialized knowledge of all the subjects under 
their authority, which is impossible, they must pos- 
sess a suflBiciently full aad accurate acquaintance with 
the subjects to enable them to properly correlate and 
direct the work of the specialists, and to do this suc- 
cessfully they must be able by their broad knowledge 
of the field to view the closely specialized work of 

3 
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the varions kinds under their direction in the proper 
perspective and must maintain the proper proportion 
and relations between them. In addition to this gen- 
eral and comprehensive knowledge, these men must 
also possess and exercise executive ability of a higher 
or lower order according to their nearness or remote- 
ness from the head of the organization. 

This last position is the true place for the engineer. 
A man who is much less than an engineer may make 
a successftd specialist in a narrow field even though 
technical skill of a very high order in that field is 
essential. While it is largely a question of notation 
whether we consent to call this specialist also an 
engineer, or in general where we would draw the line 
in notation, there would appear some propriety in 
reserving the word engineer for the man in general 
who i)ossesses the creative faculty; who by his famil- 
iarity with the horizon perceives the proper relation 
of the things with which he deals and is able to use 
them intelligibly in his creations ; who can design and 
construct; who can originate and execute, and if need 
be can operate and administer as well. 



REPORT OF COMMITTEE ON TECHNICAL BOOKS 

FOR LIBRARIES. 

BY CHARLES F. BURGESS, Ghainnan. 

In 1901 a committee was appointed by the Society 
to prepare a list of scientific and technical books as an 
aid to librarians, and the work of that committee, which 
extended over a period of two years, was embodied in 
the report submitted at the meeting in 1903. This list 
of books was widely distributed as reprints furnished 
by the Society and also through the assistance of the 
McClurg Company of Chicago, who edited the list and 
gave it a wide circulation throughout the country, send- 
ing it not only to Ubrarians, but to mechanical, elec- 
trical and mining engineers throughout the United 
States, Mexico, Central America, and other countries.* 
From a large amount of evidence, both direct and indi- 
rect, it appears that the work which was thus xmder- 
taken by our Society has been of value to the reading 
public and to technical men. 

There has been a great and insistent demand for 
the revision of the book-list with the idea of enlarging 
its scope and bringing it up to date, and it is this work 
which your committee, appointed last year, has at- 
tempted to do. The list previously published com- 
prised 385 titles, and the list which is here presented 
has been increased to 494. Some few books have been 
eliminated from the previous list, but the larger part 
of the changes have been in the nature of addition of 
new and important books. 

The list as it now stands is capable of being very 

* The McGlurg Co. has reprinted this report. 1907. 
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materially improved and by ways which are apparent 
to the members of your present committee. It is felt 
that a marked improvement might be effected by 
further attention to books of the more elementary kind, 
but to improve this part of the list would require a 
greater expenditure of time than it has been possible 
for the members of the committee to devote to it. It 
is an easier matter to evaluate the more advanced 
books relating to science and technology than it is the 
more elementary ones and it is, perhaps, for this reason 
that the percentage of books in the class "A** is some- 
what smaller in the list now offered than it was in the 
one previously presented. 

It is also suggested that should a committee be ap- 
pointed at this meeting to continue this work, a 
material improvement in the list could be effected by 
adding a considerable number of books relating to 
manufactures, trades, and chemical technology. 

It is believed, however, that should the list grow 
beyond 500 titles, it would become unwieldy. If we 
should adopt for our standard a list of 500 titles, it 
could be made of permanent value through a yearly 
process of substitution of the new books which may 
prove themselves better than those already on the list. 
The work of a standing committee whose duty it is to 
make such corrections ought not to be nearly so ar- 
duous as has been the work of the committees thus far. 

Wm. H. Kavanaugh, 

A. H. FoED, 

James Fishee, 

H. K. Veddbb, 

J. H. TTawes, 

C. F. BuEGEss, Chairmanj 

Committee. 
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The publications in this list are designated by the letters A, 
B, C, and D, to indicate something of the nature of the books 
and the class of readers for which they are particularly suited. 
The classification is as follows : 

A. Books of elementary nature containing no mathematics 
and written in the simplest form; for boys, amateurs, and 
others having no previous knowledge of the subject. 

B. Books treating the subject from the popular standpoint 
and written in such a manner as to be of general interest. 

C. Books treating of details of practical application of sci- 
ence and engineering; suitable for city officials or others in- 
terested in municipal affairs, manufacturers, mechanics, arti- 
sans, students in manual training, and as preparatory for 
more advanced work. 
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extending over more than four years. If we all be- 
lieve that the public is wrong in this, and that a 
proper modem professional education cannot be en- 
compassed in the shorter period, then it is our duty 
to insist upon what we know to be right, and not to 
allow the efficiency of our schools to be decreased by 
any pandering to public opinion. It is the duty of 
the teacher to mould public opinion, and when the 
public is wrong it is the business of the teacher to set 
it right. 

It is unfortunate that financial necessities have 
often been the dominating influences in education, but 
if we are to succeed in giving our young men the right 
sort of education, we must have the courage of our 
convictions and carry out our ideas regardless of the 
cost to ourselves. A little reflection will show that 
the men who have done most to benefit the world have 
always been men of strong ideas and great moral 
courage ; men who have always been ready to sacrifice 
themselves in furthering the right. 

Pbofessob Landbeth : The problem of the best and 
most efficient organization in the management of con- 
structive and industrial operations has been before 
the engineering profession long and often. One of 
the latest forms of the question concerns the proper 
organic relation of the engineer to the architect in the 
construction of extensive buildings which require the 
services of both in their design and erection. In such 
cases, shall the architect be supreme and the engineer 
subordinate, or shall the order be reversed! Shall 
each be independent, or co-ordinate, in authority? 
Other forms of the question concern the engineer and 
his work in the maintenance-of-way department of 
railways, the organization of the technical force in 
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manufacturing establishments, and the personnel of 
important public commissions dealing with technical 
matters. 

Without attempting to indicate or suggest in detail 
the proper status of the engineer in the various situa- 
tions in industrial activity or to predict the outcome 
of the consideration whidi these problems are now 
receiving, it may be stated as an accomplished fact, 
not likely in general to be dianged, that industry in 
every great and successful enterprise is carried out 
under the direction of one mem having more or less 
absolute authority and held responsible more or less 
closely for results. He is the selector as well as the 
director of his aids and specialists, but is not a spe- 
cialist himself, unless we may speak of him as a 
specialist iu the exercise of administrative functions. 
In all such enterprises the highly skilled and special 
work must be done by specialists and they are, of 
course, essential to the success of the enterprise ; but 
it is equally important that there should be men form- 
ing the skeleton of the scheme of organization who 
stand in the direct line of authority and responsi- 
bility and who in this relation are the subordinates 
of their superiors and the superiors of their subor- 
dinates. The proper exercise of the functions of 
these men calls for a knowledge and ability quite dis- 
tinct from that of the specialists. In place of a 
highly specialized knowledge of all the subjects under 
their authority, which is impossible, they must pos- 
sess a suflSciently full and accurate acquaintance with 
the subjects to enable them to properly correlate and 
direct the work of the specialists, and to do this suc- 
cessfully they must be able by their broad knowledge 
of the field to view the closely specialized work of 

3 
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extending over more than four years. If we all be- 
lieve that the public is wrong in this, and that a 
proper modem professional education cannot be en- 
compassed in the shorter period, then it is our duty 
to insist upon what we know to be right, and not to 
allow the efficiency of our schools to be decreased by 
any pandering to public opinion. It is the duty of 
the teacher to mould public opinion, and when the 
public is wrong it is the business of the teacher to set 
it right. 

It is unfortunate that financial necessities have 
often been the dominating influences in education, but 
if we are to succeed in giving our young men the right 
sort of education, we must have the courage of our 
convictions and carry out our ideas regardless of the 
cost to ourselves. A little reflection will show that 
the men who have done most to benefit the world have 
always been men of strong ideas and great moral 
courage ; men who have always been ready to sacrifice 
themselves in furthering the right. 

Pbofessob Landbeth : The problem of the best and 
most efficient organization in the management of con- 
structive and industrial operations has been before 
the engineering profession long and often. One of 
the latest forms of the question concerns the proper 
organic relation of the engineer to the architect in the 
construction of extensive buildings which require the 
services of both in their design and erection. In such 
cases, shall the architect be supreme and the engineer 
subordinate, or shall the order be reversed! Shall 
each be independent, or co-ordinate, in authority! 
Other forms of the question concern the engineer and 
his work in the maintenance-of-way department of 
railways, the organization of the technical force in 
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manufactoring establishments, and the personnel of 
important public commissions dealing with technical 
matters. 

Without attempting to indicate or suggest in detail 
the proper status of the engineer in the various situa- 
tions in industrial activity or to predict the outcome 
of the consideration which these problems are now 
receiving, it may be stated as an accomplished fact, 
not likely in general to be changed, that industry in 
every great and successful enterprise is carried out 
under the direction of one mem having more or less 
absolute authority and held responsible more or less 
closely for results. He is the selector as well as the 
director of his aids and specialists, but is not a spe- 
cialist himself, unless we may speak of him as a 
specialist in the exercise of administrative functions. 
In all such enterprises the highly skilled and special 
work must be done by specialists and they are, of 
course, essential to the success of the enterprise; but 
it is equally important that there should be men form- 
ing the skeleton of the scheme of organization who 
stand in the direct line of authority and responsi- 
bility and who in this relation are the subordinates 
of their superiors and the superiors of their subor- 
dinates. The proper exercise of the functions of 
these men calls for a knowledge and ability quite dis- 
tinct from that of the specialists. In place of a 
highly specialized knowledge of all the subjects under 
their authority, which is impossible, they must pos- 
sess a sufficiently full and accurate acquaintance with 
the subjects to enable them to properly correlate and 
direct the work of the specialists, and to do this suc- 
cessfully they must be able by their broad knowledge 
of the field to view the closely specialized work of 

3 
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One of the best general reference books for en- 
gineers. 
2>. Weisbach-Hermann. Translated by E. B. Coxe. 

Theoretical Mechanics. Van Nostrand. $6.00. 
D. Weisbach-Hermann. Translated by K. P. Dahlstrom, 
The Mechanics of Hoisting Machinery. Mac- 
millan. $3.75. 
C, D. Wood, M. P. Rustless Coatings ; Corrosion and Elec- 
trolysis of Iron and Steel. Wiley. $4.00. 
A large amount of useful information on the sub- 
ject of preservative coatings. 

Inventions and Patents. 

A. Baker, R. S. Boys' Book of Invention. Doubleday. 

$2.00. 

An interesting elementary book dealing with recent 

inventions — ^Liquid air; telegraphing without wires; 

the modem motor vehicle ; tailless kites ; phonograph ; 

modem skyscraper. 

A. Baker, R. S. Boys' Second Book of Invention. Net 

$1.60. 
Table of contents. The miracle of radium ; flying 
machines; the earthquake measurer; electrical fur- 
naces; harnessing the sun; the inventor and the food 
problem ; Marconi and his achievements ; sea builders. 

B. Bym, E. W. Progress of Invention in the Nineteenth 

Century. Munn. $3.00. 
History and present status of scientific discovery: 
not thorough, complete or absolutely reliable, though 
of value to the general reader, being interesting 
throughout. 
A,B,C. Cochrane, C. H. The Wonders of Modem Mechan- 
ism. Lippincott. $1.50. 
Recent progress in mechanics, physical, and engi- 
neering science described in popular style. 
C,D. Cressee, F. A. Practical Pointers for Patentees. 
Cumberland. $1.00. 
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Containing valuable information and advice on the 
sale of patents, an elucidation of the best methods 
employed by the most successful inventors. 
B, C, D. Hutchinson, W. B. Patents and How to Make Money 

out of them. $1.25. 
Practical guide for inventors, manufacturers, and 
business men who have to do with patents. 

Materials. 

C, D. Anderson, J. Strength of Materials and Structures. 

Longmans. $1.25. 
C,D. Buel, A. W., and Hill, C. S. Reinforced Concrete. 
Eng. News Pub. Co. $5.00. 
One of the latest and best books on this subject. 
D. Burr, W. H. The Elasticity and Resistance of the 
Materials of Engineering. Wiley. $7.50. 
Very comprehensive. 
C,D. Cambria Steel Co. Cambria Steel. Cambria Steel 
Co. $1.00. 
A trade publication containing valuable informa- 
tion for the users of structural steel. 
C,D. Carnegie Steel Co. Pocket Companion on Steel. 
Carnegie Steel Co. $1.00. 
Similar to ' ' Cambria Steel. ' ' Very widely used. 
D. Church, I. P. Mechanics of Engineering. Wiley. 
$6.00. 
C,D. Ewing, J. A. Strength of Materials. Macmillan. 
$3.00. 
Z>. Johnson, J. B. The Materials of Construction. 
Wiley. $6.00. 
A standard of reference. 
C, D. Keep, W. J. Cast Iron. Wiley. $2.50. 

A record of experiments made by the author. 
Z>. Lanza, G. Applied Mechanics. Wiley. $7.50. 
D. Mather, T. W. Text-Book of Strength of Materials 
and Stresses in Structures. $1.25. 
For scientific and technical schools. 
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C,D. Metcalf, Wm. Steel. Wiley. $2.00. 

An excellent little work for blacksmiths, tool 
makers, machinists, and engineers; dealing with 
properties and methods of working rather than pro- 
duction. 
D. Merriman, M. A Text-Book on the Mechanics of 
Materials. Wiley. $5.00. 
0,2). Smith, A. W. Materials of Machines. WUey. $1.00. 
Concise information relative to choice of materials 
for machine construction. 
B, C, D. Snow, C. H. The Principal Species of Wood. Their 

Characteristic Properties. Wiley. $3.50. 
(7,2). Taylor, P. W., and Thompson, S. E. A Treatise on 
Concrete, Plain and Reinforced. Wiley. $5.00. 
Very complete; covers the manufacture of Port- 
land and natural cement and the uses of concrete. 
The subjects of reinforced concrete and building con- 
struction are treated very fuUy. 
C,D. Thurston, B. H. The Materials of Engineering. 
Wiley. 
Part I. The Non-Metallic Materials of Engineer- 
ing and Metallurgy. $2.00. 
Part II. Iron and Steel. $3.50. 
Part III. A Treatise on Brasses, Bronzes and 
Other Alloys and Their Constituents. $2.50. 

These books are designed for engineers, students 
and artisans in wood, metal, and stone ; also as text- 
books for scientific schools. 
C,D. Unwin, W. C. The Testing of Materials of Con- 
struction. Longmans. $6.00. 
A text-book for the engineering laboratory and a 
collection of the results of experiments. 

Drawing and Designing. 

C,D. Anthony, G. C. Elements of Mechanical Drawing. 
Heath. $1.50. 
This includes a study of the system of projection 
and the problems arising in designs. 
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C, D. Anthony, O. C. Machine Drawing. Heath. $1.60. 
Application of the principles of projection to the 
illustration of machinery, with practical examples 
for students and suggestions to draftsmen. 
D. Anthony, G. C. The Essentials of Gearing. Heath. 
$1.50. 
A text-book for technical students and for self in- 
struction; contains useful formulae and many prob- 
lems. 
D. Barr, J. H. Kinematics of Machinery. Wiley. 
$2.50. 
Suitable as a text-book, or for the use of drafts- 
men and designers interested in the methods of 
graphical analysis of machine motions. 
C,D. Brown and Sharpe. A Practical Treatise on Gear- 
ing. $1.00. 
2). Cathcart, W. L. Machine Design. Van Nostrand. 
$3.00. 
Machine elements ; fastenings ; shrinkage and pres- 
sure joints. 
A, C. Daniels, F. H. Freehand Lettering. Heath. $0.75. 
Suited for beginners. 
D, Durley, B. T. Kinematics of Machines. Wiley. 
$4.00. 
An elementary text-book. 

C. Hasluck, Paul. Practical Draughtsman's Work. 

Cassel & Co. $0.75. 
C,D. Hiscox, G. D. Mechanical Movements, Powers, Etc. 
Heath. $3.00. 
Over sixteen hundred illustrations of mechanical 
movements and devices ; of value to the mechanic, in- 
ventor, engineer, and draftsman. 
2>. Jones, F. E. Machine Design. Wiley. 

Part I. Kinematics of Machinery. $1.50. 
Part II. Form, Strength, and Proportion of Parts. 
$3.00. 

D. Kennedy, A. B. W. The Mechanics of Machinery. 

Macmillan. $3.50. 
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A good book on kinematics and mechanism. 
C, D. Klein, J. F. Elements of Machine Design. Comenins 
Press. $4.00. 
Good text-book on elementary machine design. 
C,D. Low and Bevis. Manual of Machine Drawing and 

Design. Longmans. $2.50. 
C,D, Merriman, M. The Strength of Materials. Wiley. 

$1.00. 
C, D. Eeid, J. S., and D. Text-Book of Mechanical Draw- 
ing and Elementary Machine Design. Wiley. 
$3.00. 
C,D, Reinhardt, C. W. Lettering for Draftsmen, Engi- 
neers and Students. Van Nostrand. $1.00. 
C,D. Reinhardt, C. W. Technic of Mechanical Drafting. 
Eng. News Pub. Co. $1.00. 
D. Reuleaux, P. The Constructor. Translated by H. H. 
Supplee. $7.00. 
The standard of reference on machine design. 
D. Reuleaux, F. Kinematics of Machinery. Translated 
by A. B. W. Kennedy. 
Now out of print. A standard of reference on 
Eonematics. 
D. TJnwin, W. C. Elements of Machine Design. Long- 
mans. 
Part I. General principles, fastenings, and trans- 
missive machinery. $2.25. 
Part II. Chiefly on engine details. $2.00. 

Metal and Woodwoeking. 

A,C. Bacon, J. L. Elementary Forge Practice. Wiley. 

$1.50. 
A,C. Baird. Amateur Mechanic's Workshop. $2.50. 

A treatise containing plain and concise directions 
for the manipulation of woods and metals, including 
castings, forging, brazing, soldering and carpentry. 
C Beale, O. J. A Hand-Book for Apprenticed Ma- 
chinists. Brown and Sharpe Mfg. Co. $0.50. 
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Hints on the care of tools, explanation of terms, 
etc. 
AyC. Bollandy S. The Encyclopaedia of Founding and 
Dictionary of Foundry Terms used in the 
Practice of Moulding. Wiley. $3.00. 
A, C. BoUand, S. The Iron Founder. Wiley. $2.50. 

Describes core-making, loam moulding, dry-sand 
moulding, green-sand moulding, etc. 
A,C. Bolland, S. ''The Iron Founder," Supplement. 
Wiley. $2.50. 
A complete illustrated exposition of the art of 
' casting in iron. 

C. Gompton, A. G., and DeOroodt, J. H. The Speed 
Lathe. Wiley. $1.50. 
Lessons on the sx>eed-lathe, engine-lathe and 
planer; for the use of manual training schools and 
amateurs. 
A, C. Qo33, W. F. M. Bench Work in Wood. Ginn. $0.70. 
Especially helpful to manual training classes. 
C. Grimshaw, B. Saw Filing and Management of Saws. 

$1.00. 
C. Grimshaw, B. Shop Einks. Henley. $2.50. 

Gives schemes for doing work better and more 
rapidly than by the usual methods. 
A,C. Haslope, L. L. Bex>ouss6 Work for Amateurs. 
Scribner. $0.40. 
C. Hodgson, F. T. Modem Carpentry. $1.00. 
A complete guide giving many quick methods. 
A, C. Holmes, Chas. Course of Instruction in Wood-Carv- 
ing According to the Japanese Method. London, 
1902. $1.25. 
A, C. Homer, J. Practical Iron Founding. Whittaker & 

Co. $1.40. 
A, C. Homer, J. Principle of Pattern Making. Whittaker 
& Co. $0.90. 
0. Eittredge, G. W. The New Metal-Worker Pattern 
Book. D. Williams Co. $5.00. 
4 
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A treatise on the principles and practice of pattern 
cutting as applied to sheet metal work. 
A, C. Lnkin, J. Turning Lathes. Whittaker & Co. $1.00. 
A guide to turning, screw cutting, metal spinning, 
etc. 
C. Maire, F. The Modem Wood Finisher. Chicago. 
1902. $0.50. 
Including tools and materials employed, prepa- 
ration of surfaces, stains and staining, fillers and 
filling, shellacking, varnishing, rubbing, polishing, 
etc. 
A,C, Marshall, Percival. Practical Lessons in Metal 
Turning. $0.80. 
C. Rogers. The Progressive Machinist. Audel & Co. 
$2.00. 
A hand-book for machinists, dealing with mate- 
rials, gearing, bench and vise work, tools and ma- 
chines, operation of lathes, and useful tables for the 
machine shop. 
A, C. Koss, 6. A. Elementary Course in Woodwork. $1.00. 

For the use of high schools and colleges. 
A,C. Rose, J. Modem Machine Shop Practice. 2 Vols. 
Scribner. 
Very complete; describes methods of laying out 
work and the operation of the various machine 
tools, etc. 
A,C,D. Sharp, John. Modem Foundry Practice. Spon. 

$8.00. 
Very comprehensive, dealing with the different 
moulding processes and materials used ; foundry ma- 
chinery and cui)ola practice. 
A,C. Shelley, C. P. B. Workshop Appliances. Science 
Series. Longmans, Green & Co. $1.50. 
Including descriptions of some of the measuring 
instruments, hand and machine tools used by en- 
gineers. 
A,C. Smith, Oberlin. Press-Working of Metals. Wiley. 
$3.00. 
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Practically the only work on this subject ; interest- 
ing and instractive. 
Ay C, D. Stephens, W. P. Canoe and Boat Building. Forest 

and Stream. $2.00. 
Complete instructions for the construction of 
small boats. Illus. 
A,C. Tate, J. M., and Stone, M. O. Foundry Practice. 
H. W. Wilson Co. $1.50. 
A treatise for the use of engineering students and 
apprentices. 
C,D. Thallner, Otto. Tool-Steel. Carey, Baird & Co. 
$2.00. 
The forging, annealing, hardening, and tempering 
of steel and the devices therefor. Translated by 
Brannt. 
A, C. Van Dervoort, Wm. H. Modem Machine-Shop Tools. 
Henley. $4.00. 
A book of practical instruction in all classes of ma- 
chine-shop practice ; describes the construction, oper- 
ation, and manipulation of both hand and machine 
tools. 
A,C. West, T. D. American Foundry Practice. Wiley. 
$2.50. 
Treats of the different kinds of moulding and 
cupola practice. 
A,C. West, T. D. Moulder's Tex^Book. Wiley. $2.50. 
Part II. of American Foundry Practice, but deals 
with a class of work requiring more skill and greater 
care. 
A,C. Wheeler, C. G. Woodworking for Beginners. Put- 
nam. $2.50. 
A manual for amateurs containing over 700 
illustrations and diagrams. 
A. Whitaker, Channing. How to Use Wood-Working 
Tools. Heath. $0.60. 
A book designed especially for boys. 
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C, D. Woodworth, J. V. Dies ; their Construction and Use 
for the Modem Working of Sheet Metals. Hen- 
ley. $3.00. 
A complete treatise on the subject. 
C. Woodworth, J. V. Hardening, Tempering, Anneal- 
ing, and Forging of Steel. Henley. $2.50. 
A practical treatise for mechanics. 

Steam and Gas Engineering. 

C,D. Babcock & Wilcox Co. Steam: Its Generation and 
Use. New York. 
A trade publication containing valuable tables con- 
cerning the generation of steam. 
C, Z). Baldwin, W. J. Baldwin on Heating. Wiley. $2.50. 
A description of apparatus for warming and ven- 
tilating buildings ; remarks on steam, water, and air 
in their relation to heating. 

C. Barr, W. M. The Combustion of Coal and the Pre- 

vention of Smoke. Henley. $1.50. 
A catechism for engineers, firemen and others in- 
terested in the economical combustion of fuel. 
C,D. Barrus, G. H. Boiler Tests. Published by the au- 
thor. $3.00. 
Embracing the results of over 137 evaporative 
tests, made on 71 boilers, conducted by the author. 
C,D. Barrus, G. H. Engine Tests. Published by the au- 
thor. $4.00. 
Embracing the results of over 100 feed-water tests 
and other investigations on various kinds of steam 
engines, conducted by the author. 

D. Begtrup, J. The Slide Valve and Its Functions. 

Van Nostrand. $2.00. 
With special reference to modem practice in the 
United States. 
C,D. Carpenter, R. C. The Heating and Ventilating of 
Buildings. Wiley. $4.00. 
A manual for heating engineers and architects. 
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Z>. Christie, W. W. Chimney Design and Theory. Van 
Nostrand. $3.00. 
A book for engineers and architects. 
C,D. Clerk, Dugald. The Gas and Oil-Engine. Wiley. 
$4.00. 
A standard work of reference. 
CyD. Durand,W.F. Practical Marine Engineering. $5.00. 
For marine engineers and students. 
D. Oill, A. H. Gas and Fuel Analysis for Engineers. 
Wiley. $1.25. 

A compend for those interested in the economical 
application of fuel. 
C. Grimshaw, E. Engine Runner's Catechism. Henley. 
$2.00. 
Tells how to erect, adjust, and run the principal 
steam engines in use in the United States ; describes 
the principal features of the different engines. 
' A,C. Grimshaw, B. Steam Engine Catechism. Henley. 

$2.00. 
Practical answers to practical questions. 
C. Hawkins. Hand-Book of Calculations for Engineers. 
Audel. $2.00. 
Relating to the steam engine, the steam boiler, 
pumps, shafting, etc. 
0. Hawkins. Instructions for the Boiler Room. Audel. 
$2.00. 
Useful to engineers, firemen and mechanics ; relat- 
ing to steam generators, pumps, appliances, steam 
heating, practical plumbing, etc. 
C Hawkins. New Catechism of the Steam Engine. 
Audel. $2.00. 
Relating to stationary, marine and locomotive en- 
gines; steam fire engines; pumping, x>ortable and 
hoisting engines ; gas, oil and air engines. Explain- 
ing their principal points and their care and man- 
agement. 
C,D. Heine Safety Boiler Co. Helios. St. Louis. 
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A trade publication containing useful information 
on the generation of steam. 
C, D. Hemenway, F. F. Indicator Practice and Steam En- 
gine Economy. Wiley. $2.00. 

A, B, C. Hiscox, G. D. Gas, Gasoline and Oil Engines. Hen- 

ley. $2.50. 
Descriptive of the theory and practice of internal 
combustion engines, illustrating their design, con- 
struction and operation for stationary, marine and 
vehicle motive i)ower. 

B, C, D. Hiscox, G. D. Compressed Air in all its Applications. 

Henley. $5.00. 
A complete treatise. 
C, D. Holmes, G. C. V. Steam Engine. Longmans. $2.00. 
An elementary though satisfactory treatise sup- 
plementary to the study of physics. 
D. Hutton, F. E. The Gas Engine. Wiley. $5.00. 

A treatise on the internal combustion engine using 
gas, gasoline, kerosene, alcohol, or other hydrocar- 
bon as source of energy. 
D. Hutton, F. E. Heat and Heat-Engines. Wiley. 
$5.00. 
C, D, Hutton, F. E. The Mechanical Engineering of Power 
Plants. Wiley. $5.00. 
D. Kent, Wm. Steam Boiler Economy. Wiley. $4.00. 
A treatise on the theory and practice of fuel econ- 
omy in the operation of steam boilers. 

C. Kerr, E. W. Power and Power Transmission. 

Wiley. $2.00. 
Deals with power transmission and generation by 
the common means other than electrical. 

D. Klein, J. F. High Speed Steam Engine Design. 

Van Nostrand. $5.00. 
With notes, diagrams, formulas and tables. 
C,D. Lineham, W. J. Mechanical Engineering. Lippin- 
cott. $4.50. 
Workshop practice ; theory and examples. 
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C. Low, F. B. The Steam Engine Indicator. Hill Pub. 

Co. $1.50. 
Directions for the selection, care and use of the 
instrument, and the analysis and computation of the 
diagram; simply written for running engineers. 
2>. Lucke, C. E. Gas Engine Design. Van Nostrand. 
$3.00. 
The only book on this subject in the English 
language. 
C,D. Mathot, B. E. Gas-Engines and Producer-Gas 
Plants. Henley. $2.50. 
A guide for the gas-engine designer, user and en- 
gineer in the construction, selection, purchase, instal- 
lation, operation and maintenance of gas engines. 
Trans, from the French by Kaempffert. 
C, D. Meyer, H. C. Steam Power Plants. McGraw. $2.00 

Treats of the design and construction. 
C,D. Neilson, B. W. The Steam Turbine. Longmans. 

$2.50. 
C,D. Parsons, H. de B. Steam Boilers: their theory and 
design. Longmans. $4.00. 
Very complete and ** up-to-date." 
C,D. Pauling, C. P. Practical Laws and Data on the 
Condensation of Steam in Covered and Bare 
Pipes. Van Nostrand. $2.00. 
C,D. Peabody, C. H., and Miller, E. F. Steam Boilers. 
Wiley. $4.00. 

D. Peabody, C. H. Thermodynamics of the Steam En- 

gine and other Heat Engines. Wiley. $5.00. 
C,D. Perry, John. The Steam Engine and Gas and Oil 
Engines. Macmillan. $3.25. 
A book for the use of students who have time to 
make experiments and calculations. 
C,D. Pochet, M. L. Steam Injectors. Translated from 
the French. Van Nostrand 's Science Series. 
$0.50. 
D. Poole, H. The Calorific Power of Fuels. Wiley. 
$3.00. 
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Describes the different calorimeters in use and 
methods of operation, together with tables giving 
the heat values of many fuels, solid, liquid and 
gaseous. 

C. Power Catechism. Hill Pub. Co. $2.00. 

A book for engineers and firemen; 751 practical 
questions answered. 
C,D. Bichards, Frank. Compressed Air. Wiley.- $1.50. 
Practical information upon air-compression and 
the transmission and application of compressed air. 
C,D. Kipper, Wm. Steam Engine: Theory and Practice. 
Longmans. $2.50. 
Treats in a simple manner those branches of the 
subject which are of fundamental importance. 
C,D. Roberts, E. W. The Gas Engine Hand-Book. The 
Gas Engine Pub. Co. $1.50. 
A manual of useful information for the designer 
and the engineer. 
C,2). Bobinson, W. Gas and Petroleum Engines. 2 Vols. 

Spon. $8.50. 
C,Z). Rowan, F. J. The Practical Physics of the Modem 
Steam Boiler. Van Nostrand. $7.50. 
Very comprehensive. 
C,D. Saunders, W. L. Compressed Air Information; or, 
A Cyclopedia containing Practical Papers on 
the Production, Transmission and Use of Com- 
pressed Air. * * Compressed Air. ' * $5.00. 

D. Seaton, A. E. A Manual of Marine Engineering. 

Van Nostrand. $6.00. 
Comprising the designing, construction and work- 
ing of marine machinery. 
C,D. Sennett, R., and Oram, H. J. The Marine Steam 

Engine. Longmans. $6.00. 
C,D. Siebel, J. E. Compend of Mechanical Refrigeration. 
Rich & Co. $3.00. 
A book for those interested in the application of 
refrigeration. 
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B,C,D. Sloane, T. O'C. Liquid Air and Liquefaction of 

Gases. Munn. $2.50. 
CD. Snow, W. B. Steam Boiler Practice. Wiley. $3.00. 
As related to fuels and their combustion, and the 
economic results obtained with various methods and 
devices. 
C, D. Spangler, H. W., Greene, A. M., and Marshall, S. M. 
Elements of Steam Engineering. Wiley. $3.00. 
Stevenson, F. W. Modem Appliances in Gas Manu- 
facturing. Fielden Co. $1.05. 
2>. Stodola, A. Steam Turbines, with an Appendix on 
Gas Turbines and the Future of Heat Engines. 
Translated from the German by Lowenstein. 
Van Nostrand. $4.50. 
The best book on the subject in any language. 
C,D. Stirling Co. Stirling. Chicago. 

A Book on Steam for Engineers. A trade pub- 
lication on the generation of steam, containing much 
valuable and useful information. 
B,C,D. Thurston, B. H. A Manual of the Steam Engine. 

Wiley. 
Part I. History, Structure and Theory. $6.00. 
Part II. Design, Construction and Operation. 
$6.00. 
C,D. Wallis-Taylor, A. J. Eefrigeration and Cold Storage. 
Van Nostrand. $4.50. 
A complete practical treatise on the art and sci- 
ence of refrigeration. 
A,C. Watson, E. P. How to Bun Engines and Boilers. 
Spon. $1.00. 
Elementary and Practical. 
D. Weisbach-Hermann, translated by Amasa Trow- 
bridge. The Mechanics of Air Machinery. Van 
Nostrand. 
D. Whitham, J. M. Steam Engine Design. Wiley. 
$5.00. 
For the use of mechanical engineers, students and 
draftsmen. 
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C,D. Williams, Hal. Mechanical Befrigeration. Whit- 
taker & Co. $2.25. 
A pjractical introduction to the study of cold stor- 
age, ice-making, and other purposes to which refriger- 
ation is applied. 

Hydraulic Bnginebbing. 

C,Z>. Barr, W.M. Pumping Machinery. Lippincott. $5.00. 
A practical work relating to the construction and 
management of steam and x>o^6i^ pumping ma- 
chinery. 
Cy D, Blaine, B. G. Hydraulics and Hydraulic Machinery. 
Spon. $5.00. 
D. Bodmer, G. E. Hydraulic Motors and Turbines. 

Van Nostrand. $5.00. 
D. Clark, J. W. Hydraulic Bams. Batsford. $0.70. 
D. Frizell, J. P. Water-Power. Wiley. $5.00. 

An outline of the development and application of 
the energy of flowing water. 
C,D. Goodell, John. Water-Works for Small Cities and 

Towns. McGraw. $2.00. 
C,D. Gould, E. S. The Elements of Water Supply Engi- 
neering. Bug. News Pub. Co. $2.00. 
C,D. Hazelhurst, J. N. Towers and Tanks for Water 

Works. Wiley. $2.50. 
C,D. Marks, G. C. Hydraulic Power Engineering. Van 
Nostrand. $3.50. 
A practical manual on the concentration and tran»» 
mission of power by hydraulic machinery; suitable 
for non-technical men. 
C,D. Mead, Elwood. Irrigation Institutions. Macmillan. 
$1.25. 
An authoritative and technical work. 
C,D. Merriman, M. A Treatise on Hydraulics. Wiley. 
$5.00. 
A text-book for engineering schools and a manual 
for engineers. 
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B. Newell, F. H. Irrigation in the United States. 

Crowell & Co. $2.00. 
A well illustrated non-technical book; suitable for 
general information. 
(7,2). Robinson, H. Hydraulic Power and Hydraulic Ma- 
chinery. Lippincott. $9.00. 
2>. Weisbach-Hermann. Translated by E. P. Dahlstrom. 
The Mechanics of Pumping Machinery. Mac- 
millan. $3.75. 

Electricity and Electrical Measurements. 

C. Atkinson, Philip. Electricity for Everybody. Its 

nature and uses explained. Century. $1.50. 
B. Benjamin, Park. Age of Electricity. Scribners. 
$2.00. 
Deals with various electrical developments in a 
X)opular manner. 

A, Bonney, G. Electrical Exx)eriments. $0.75. 
A manual of instructive amusement. 

B. Brackett, C. P., and others. Electricity in Daily Life. 

Scribner. $3.00. 
A iwpular account of the applications of electricity 
to every-day uses. 
A,B. Child, Chas. T. The How and Why of Electricity. 
$1.00. 

A book of information for non-technical readers. 
A. Clarke, W. J. A B C of Electrical Experiments. 
London. $1.00. 
B,C. Fleming, J. A. Centenary of the Electric Current, 
1799-1899. VanNostrand. Paper cover. $0.50. 
A,C. Houston, E. J. Electricity and Magnetism. Elec- 
trical World and Engineer. $1.00. 
A,C. Houston, E. J., and Kennelly, A. E. Electricity 
Made Easy. Electrical World. $1.50. 
A,B,C. Jackson, D. C. and J. P. An Elementary Book on 

Electricity and Magnetism and their Applica- 
tions. Macmillan. Net $1.40. 
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One of the best books on elementary treatment of 
electricity that has appeared. 
A. Meadowcroft, W. H. A B C of Electricity. Ameri- 
can Technical Book Co. Primary and non- 
technical. $0.50. 
0. Shepardson, Geo. D. Electrical Catechism. Elec- 
trical World and Engineer. $2.00. 
An introductory treatise on electricity and its 
uses ; static electricity, units, laws of electric circuits ; 
electricity and heat; batteries and electrochemical 
action ; magnetism ; electrical measuring instruments ; 
electrical measurements; elementary motors; dyna- 
mos (direct) ; motors (direct) ; alternating currents. 
Fully illustrated with photographs and diagrams. 
A,B. Sloane, T. O'C. Electricity Simplified. Henley 

The theory and practice of electricity. $1.00. 
A, C, Sloane, T. 'C. How to Become a Successful Elec- 
trician. Henley. $1.00. 
The studies, methods of work, fields of operation, 
and ethics of the profession. 

C. Swoope, C. W. Lessons in Practical Electricity. 

Van Nostrand. Principles, experiments and 
arithmetical problems. Net $2.00. 
C Thompson, S. P. Electricity and Magnetism. $1.40. 
A general discussion of the principles of electric 
and magnetic action. 

Dynamo Electrio Machinery. 

2>. Baum, P. G. The Alternating Current Transformer. 
$1.50. 
A detailed discussion of the theory, design and 
construction of transformers. 
C Crocker, P. B., and Wheeler, S. S. Practical Man- 
agement of Dynamos and Motors. Van INos- 
trand. $1.00. 

D. De La Tour, H. B. The Induction Motor. $2.50. 

An extended discussion of the theory, character- 
istics and design of induction motors. 
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0. Electrical Designs from '^ American Electrician." 
$2.00. 
Comprising instructions for construction of small 
motors, instruments and apparatus. Working draw- 
ings for each design. 
C,D. Hanchett, G. T. Modem Electric Railway Motors. 
$2.00. 
Deals with details of construction and repairs of 
motors. 
D. Hawkins, C. C, and Wallis, P. The Dynamo. $3.50. 
A detailed discussion of the theory, design, con- 
struction and operation of dynamos for the genera- 
tion of direct and alternating currents. 
A, C. Houston, E. J., and Kennelly, A. E. Electrodynamic 
Machinery for Continuous Currents. Electrical 
World and Engineer. $2.50. 
C Houston, E. J., and Kennelly, A. E. Alternating 
Electric Currents. Electrical World and Engi- 
neer. $1.00. 
D. Jackson, D. C, and Jackson, J. P. Alternating Cur- 
rents and Alternating Current Machinery. Mac- 
millan. Net $3.50. 
Contents: Electric pressure developed by alter- 
nators, armature windings for alternators, self-induc- 
tion and capacity, graphical and analytical methods 
of solving problems in alternating-current circuits, 
the magnetic circuit of alternators, characteristics, 
regulations, etc., regulation and combined output, 
efficiencies, mutual induction, designs of transform- 
ers, etc., etc. 
2>. Kapp, Gisbert. Transformers for Single and Multi- 
phase Currents. Macmillan. $1.75. 
A. Parkhurst, C. D. Dynamo and Motor Building for 
Amateurs. Electrical World and Engineer. 
$1.00. 
C Paterson, G. W. The Management of Dynamos. 
$1.50. 
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An elementary discussion of the care, operation 
and characteristics of direct current, constant x>oten- 
tial dynamos and motors. 
C. Perry, N. W> Electric Railway Motors. Electrical 
World and Engineer. $1.00. 
C,D. Raymond, E. B. Alternating Current Engineering. 
$2.50. 
A general discussion of alternating currents and 
alternating current machinery. 
C,D. Sheldon, Samuel. Dynamo Electric Machinery. 
Van Nostrand. Net $2.50. 
Deals with the principles of design, construction, 
and operation of direct current machinery. 

Contents : Electrical and magnetic laws and facts ; 
armatures; field magnets; operation of armatures; 
efficiency of operation; constant x>otential and cur- 
rent dynamos, motors, dynamotors, generators, 
boosters ; management and design of machines ; tests. 
C,D. Sheldon, Sam., and Hobart, Mason. Alternating 
Current Machines ; Its Construction and Design. 
Van Nostrand. Net. $2.50. 
A continuation of the previous volume. 
A. Trevert, Ed. Dynamos and Electric Motors. Bu- 
bier. $0.50. 
Chapters: What is a dynamo? What is a motor? 
Some different types of dynamos; how to construct 
a dynamo; diflferent types electric motors; how to 
build an electric motor; a cheaply constructed elec- 
tric motor ; how to make an electric battery for run- 
ning electric motors. 

Electric Power Transmission. 

D. Bell, Louis. Electrical Power Transmission. Elec- 
trical World and Engineer. $3.00. 

C,D. Bell, Louis. Power Distribution for Electric Rail- 
ways. Electrical World and Engineer. $2.50. 

C, D. Crocker, P. B. Electric Lighting. 



COMMITTEE ON TECHNICAL BOOKS. 63 

Vol. I. Generating Plant. $3.00. 
Vol. II. Distribution Systems and Lamps. $3.00. 
Contents: Vol. I. — ^History of electric lighting; 
electrical nnits and lighting systems; location of 
generating station; steam engines and boilers; gas, 
oil and air engines; water wheels and windmills; 
mechanical connections; dynamo electric machinery; 
storage batteries; switchboards; lightning arrest- 
ers. Vol. II. — ^Properties of conductors; systems 
of distribution; alternating currents; overhead and 
underground conductors; arc lamps; incandescent 
lamps ; meters. 
C,D. Gushing, Jr., H. C. Standard wiring for Electric 
Light and Power. $1.00. 
Detail descriptions of the various systems of elec- 
tric wiring, with the necessary tables and formulas 
for the calculation of circuits, details of construction 
and an appendix on Fire Underwriter's rules. 
A,C, Electrical Catechism. Compiled from the regular 
issues of ** Power." Hill Pub. Co., New York. 
$2.00. 
Five hundred thirty-three plain answers to plain 
questions about electrical apparatus. 
P. Herrick, A. B. Practical Electric Railway Hand- 
Book. $3.00. 
Of value to engineers, oi>erators and employees of 
street railways. 
C. Livermore, V. B., and Williams, J. How to Become 
a Competent Motorman. Van Nostrand. $1.00. 
A book for the instruction of motormen in the safe 
and proper handling of various electric equipments. 
D,C. Perrine, F. A. Conductors for Electrical Distribu- 
tion. Van Nostrand. Net $3.50. 
Description of conductive materials; methods of 
manufacture of wire and cable ; calculations of trans- 
mission circuits; distribution for lighting and power; 
pole lines and underground conductors. 
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C, D. Pratt, M. D., and Alden, C. A. Street Bailway Boad-^ 
bed. Wiley. $2.00. 
0. Treverty Ed. Electric Railway Engineering. Bu- 
bier. $2.00. 

Telephone and Telegraph. 

D. Abbott, A. V. Telephony. $6.00. 

Part I. The Location of Central Offices. $1.50. 
Part. II. The Construction of Underground Con- 
duits. $1.50. 
Part III. The Cable Plant. $1.50. 
Part IV. Open Wire Lines. $1.50. 
PartV. The Substation. $1.50. 
Part VI. Switchboards and Central Office. $1.50. 
Detailed discussion of the design and construction 
of complete telephone systems. . 
C. Bottone, S. E. Wireless Telegraphy and Hertzian 

Waves. Macmillan. $1.00. 
C. Dobbs, A. B. Practical Features of Telephone Work. 
Electrical World. $0.75. 
Deals with the faults in telephone operation and 
methods of correction. 
C,D. Fahie, J. J. History of Wireless Telegraphy. In- 
cluding some bare-wire proposals for subaqueous 
telegraphs. Blackwood. $2.00. 

B. Field, H. M. Story of the Atlantic Telegraph. 

Scribner. $1.50. 
As fascinating as a novel. 

C. Homans, J. E. ABC of the Telephone. $1.00. 

Simple descriptions of various pieces of telephone 
apparatus and complete system. 
A, C. Hopkins, W. J. The Telephone. $1.00. 

Outlines of the development of the transmitters 
and receivers. 
B,C. Kerr, Bichard. Wireless Telegraphy. Scribner. 

$0.75. 
C, D. Maver, Wm. Wireless Telegraphy. $2.00. 
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A brief discussion of the theory and an extended 
discussion of the various systems of wireless teleg- 
raphy. 
(7,2). Miller, K. B. American Telephone Practice. Elec- 
trical World and Engineer. $3.00. 
Treats the subject from the practical standpoint 
without the use of mathematics. 
C, D. Pope, F. L. Modem Practice of Electric Telegraph. 
Van Nostrand. $1.50. 
A technical hand book for electricians, managers 
and operators. 
C. Webb, H. L. Telephone Hand-Book. Van Nostrand. 
$1.00. 

Elegtbo-Chemistby and Batteries. 

C, D. Blount, Bertram. Practical Electrochemistry. Mao- 
miUan. Net $3.25. 
Not thorough nor very accurate, but dealing in a 
general way with the industrial progress in electro- 
chemistry and electrometallurgy. 
A,C. Bonney, G. E. Electroplaters' Hand-Book. Van 
Nostrand. $1.20. 
A manual for amateurs and young students. 
C,D. Borchers, Dr. W. Electric Smelting and Eefining. 
Lippincott. Net $6.00. 
C. Bottone, S. B. Galvanic Batteries. Macmillan. 
$1.50. 
C,D. Cooi)er, W. R. Primary Batteries. Electrician 
Printing and Publishing Co., London. $4.00. 
Deals with the theory and practice of batteries with 
the bearing of modem electrochemical views. 
C,D, Langbein, Dr. Geo. A Complete Treatise on the 
Electrodeposition of Metals. Carey, Baird & Co. 
$4.00. 
Comprising electro-plating and galvanoplastic op- 
erations, the deposition of metals by the contact and 
immersion processes, the coloring of metals, the 
methods of grinding and polishing, etc. 
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C, D. Lyndon, L. Storage Battery Engineering. McGraw. 
Net $3.00. 
A practical work devoted to designing, installing 
and maintaining battery equipments. 
C, D. MacMillan, W. G. A Treatise on Electrometallurgy. 

London. Net $3.65. 
A,C. Marshall, Pereival. Accumulators: How Made and 
Used. Spon. $0.50. 
A practical and fairly accurate description for 
those wishing to construct small storage batteries. 
Not exhaustively nor scientifically treated. 
C. Treadwell, Augustus, Jr. The Storage Battery. Net 
$1.75. 
The construction, theory and use of secondary 
batteries. 
B, C. Trevert, E. Practical Hand-Book of Electroplating. 
Bubier. $0.50. 

Miscellaneous Applications of Electricity. 

A, C. Bottone, S. B. Electric Bells and All About Them. 
$0.50. 
C. Bottone, S. B. Radiography and the X-Bays. $1.00. 
With constructional and manipulatory details. 
C,D. Dawson, P. Engineering and Electric Traction 

Pocket Book. Flexible leather. $5.00. 
C,D. Foster, Horatio. Electrical Engineers' Pocket Book. 
Flexible morocco. $5.00. 
Tables, data, and formula relating to all branches 
of electrical application. 
C. Meadowcroft, W. H. A B C of the X-rays. $0.75. 
C Norrie, H. S. Electric Gas Lighting. $0.50. 

How to install electric gas lighting apparatus, in- 
cluding the jump spark and multiple system. 
A, C. Norrie, H. S. Induction Coils. $1.00. 

Methods of making induction coils and their uses 
for gas engine igniters. X-ray work, etc. Practical 
rather than theoretical. 
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2>. Boentgen, Stoke, and Thompson, J. J. Roentgen 

Bays. Net $0.60. 
A. Trevert, Ed. How to Make and Use Induction Coils. 

$0.50. 
C. Wittbecker, W. A. Domestic Electrical Work. $0.50. 

Automobiles and Flying Machines. 

C. Brookes, L. E. The Automobile Hand-Book. P. J. 
Drake & Co. $1.50. 
Contains practical information for the use of own- 
ers, ox>erators and automobile mechanics. 
B,C. Chanute, O. Progress in Flying-Machines. Ameri- 
can Engineer and Bailroad Journal. $2.50. 
C. Dyke, A. L., and Dorris, C. P. Diseases of a Gasoline 
Automobile and How to Cure Them. A. L. 
Dyke Automobile Supply Co. $1.50. 
B,C,D. Hasluck, Paul. The Automobile; Its Construction 

and Management. London. $4.50. 

B, C. Hiscox, G. D. Horseless Vehicles, Automobiles, Etc. 

Henley. $3.00. 
A practical treatise on the use and care of the 
automobile. 
C,D. Homans, J. E. Self -Propelled Vehicles. Audel. 
$2.00. 
A practical treatise on the theory, construction, 
care and management of automobiles. 

C, D. "White, T. H. Petrol Motors and Motor Cars. Long- 

mans. $1.50. 
Good book for designers of motor cars and engines 
for same. 
C,D. Woods, C. E. Electric Automobiles; their care, con- 
struction and operation. Stone. $1.25. 
B, C. Young, A. B. F. The Complete Motorist. McClure, 
Phillips & Co. $3.50. 
An account of the evolution and construction of 
the modem motor-car. 
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Mining. 

Z>. Brough, B. H. A treatise on Mine Surveying. J. 
B. Lippincott Co. $2.25. 

C,B. Foster, C. L., and Cooke, L. H. Ore and Stone 
Mining. Griffin & Co. $10.00. 

AyB. Frazier, S. M. Secrets of the Bocks. A book espe- 
cially for prospectors. Engineering and Mining 
Journal. $1.60. 

C,D. Kerr, Geo. L. Elementary Coal-Mining. London. 
$1.25. 

C,D. Lock, C. G. W. Miners' Pocket Book. $4.00. 

C,D. Lupton, A., Parr, G. D. A., and Perkins, H. Elec- 
tricity as Applied to Mining. Van Nostrand. 
$3.50. 

C, D. Lupton, A. A Practical Treatise on Mine Survejdng. 
Longmans. $5.00. 

C, D. Orton, J. Underground Treasures. $1.50. 

C,D. Pamely, C. Colliery Managers' Hand-Book. Lock- 
wood. $8.00. 

C, D, Richards, E. H. Ore Dressing. 2 Vols. Engineering 
and Mining Journal. $10.00. 
A, B, C. Shinn, C. H. Story of the Mine. Appleton. $1.50. 

B, D. Spurr, J. E. Gteology applied to Mining. Engineer- 

ing and Mining Journal. $1.50. 
Of practical value to the mining man and others 
interested in economic geology. 

Metalluegy. 

C,D. Bosqui, F. S. Practical Notes on the Cyanide Proc- 
ess. Illustrated. Scientific Pub. Co. Net $2.50. 
A comprehensive, practical and historical treat- 
ment of the use of cyanides in the extraction of gold 
from its ores. 
C,D. Campbell, H. H. Manufacture and Properties of 
Iron and Steel. Scientific Pub. Co. Net $5.00. 

C, D, Collins, H. F. The Metallurgy of Lead and Silver. 

Lippincott. $4.50. 
Part I. Lead. Part 11. Silver. 
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C,I>. Harbord and Hull. Steel, Its Metallurgy and Me- 
chanical Treatment. Griffin. $9.00. 
A most exhaustive and practical treatment. 

C, D. Hioms, A. H. Iron and Steel Manufacture, a Text- 
Book for Beginners. 3d ed. Macmillan. $1.00. 

C,D. Hixon, H. W. Notes on Lead and Copper Smelting 
and Copper Converting. The Scientific Pub- 
lishing Co. $3.00. 

C,D. Hoffman, H. 0. Metallurgy of Lead and the Desil- 
veration of Base Bullion. $6.00. 
D. Howe, H. M. Iron, Steel and Other Alloys. Sauveur 
& Whiting. $5.00. 

C,D. Ingalls, W. E. The Metallurgy of 5!inc and Cad- 
mium. Engineering and Mining Journal. 
$6.00. 

C,D. Peters, E. D. Modem Copi)er Smelting. Scientific 
Pub. Co. $5.00. 
D. Philips, J. A. Elements of Metallurgy. Lippincott. 
$8.00. 

C,D. Eobert»- Austen, Sir. Introduction to the Study of 
Metallurgy. London. $5.50. 

C,D. Rose, T. K. The Metallurgy of Gold. Lippincott. 
$6.00. 

A, C. Sexton, A. H. An Elementary Text-Book of Metal- 
lurgy. Lippincott. $2.25. 
D. Turner, T. The Metallurgy of Iron. Lippincott. 
$4.50. 

C,D. West, T. W. The Metallurgy of Cast Iron. Spon. 
$3.00. 

Chemistry. 

C,D. Bayley, T. Chemists' Pocket Book. Flexible 
Morocco. Spon. $2.00. 
Tables, data, and formulas for use in the chemical 
industries. 
C,D. Blair, A. A. Chemical Analysis of Iron. Lippin- 
cott $4.00. 
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A complete account of all best known methods for 
the analysis of iron, steel, pig-iron, iron ore, lime- 
stone, slag, clay, sand, coal, coke and furnace and 
producer gases. 
0, D. Bloxam, A. G., and Blount, B. Chemistry for Engi- 
neers and Manufacturers. Lippincott. 
Vol. I. Chemistry of Engineering, Building and 
Metallurgy. $3.00. 

Vol. II. The Chemistry of Manufacturing Proc- 
esses. $4.00. 
D. Brearley, H., and Ibbotson, F. Analysis of Steel- 
Works Materials. Longmans. $5.00. 
Contents : The analysis of steel, pig-iron, steel-mak- 
ing alloys, rapid analysis of the furnace, ores, re- 
fractory materials, slags, fuels, engineering alloys, 
boiler water, boiler scales, etc., pyrometry, etc. 
C,D. Brown, W. L. Manual of Assaying; Gk)ld, Silver, 
Lead and Copper. E. H. Sargent & Co., Chi- 
cago. $2.50. 
Cf D. Davis, Geo. E. Hand-Book of Chemical Engineering. 

Two vols. Manchester. $12.40. 
C,D. Furman, A. V. Manual of Practical Assaying. 

Wiley. $3.00. 
B,C. Fumeaux, W. Elementary Chemistry. Longmans. 
$0.80. 
An interesting and practical book dealing with 
the chemistry of common things. 
D. Groves, C. E., and Thorp, W. Chemical Technology, 
or Chemistry in its Applications to Arts and 
Manufacturers. Four vols. Blakiston. $16.00. 
D. Jervis, W. P. Encyclopaedia of Ceramics. New 
York. $6.50. 
B,C. Johnson, J. F. The Chemistry of Common Life. 

Appleton. $2.00. 
B,C. Lassar-Cohn, Dr. An Introduction to Modem Sci- 
entific Chemistry. Van Nostrand. $2.00. 
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In the form of popular lectures; suited for uni- 
versity extension students and general readers. 

B, C. Lassar-Cohn. Chemistry in Daily Life. Translation 

by Pattison Muir. H. Grevel & Co. Van Nos- 
trand. $1.50. 
A series of twelve popular lectures. 

C,D. Leffioian, H., and Bean, W. Examination of Water 
for Sanitary and Technical Purposes. Blakis- 
ton Son Co. $1.25. 
Small but complete. 

B,C. Newth, G. S. Chemical Lecture Experiments Non- 
Metallic Elements. Longmans, Green & Co. 
$2.00. 

C, D. Newth, G. S. A Text-Book of Inorganic Chemistry. 

Longmans, Green & Co. $1.75. 
C,D. Phillips, Joshua. Engineering Chemistry. London. 
$4.50. 
A practical treatise for the use of analytical chem- 
ists, engineers, iron-masters, iron-founders, students, 
and others, comprising methods of analysis and valu- 
ation of the principal materials used in engineering 
work, with numerous analyses, examples and sug- 
gestions. 
C,D. Prescott and Johnson. Qualitative Chemical An- 
alysis. Van Nostrand. $3.50. 
C, D. Remsen, I. Inorganic Chemistry. Advanced course. 

Holt. $2.40. 
C,D. Richter, Victor Von. Organic Chemistry. Tranla- 
lations by Edgar F. Smith. Blakiston & Son. 
$6.00. 
C,D. Sadtler, S. P. Hand-Book of Industrial Organic 
Chemistry. Revised edition. Lippincott. $5.00. 
Adapted for the use of manufacturers, chemists, 
and others interested in the manufacture or utiliza- 
tion of organic materials. 
C,D. Thorp, F. H. Outlines of Industrial Chemistry. 2d 
edition. MacmiUan. $3.50. 



72 COMMITTEE ON TECHNICAL BOOKS. 

A brief description of the more important chemical 
processes omitting details. 

Civil Enoineebino. 

D. Baker, I. 0. A Treatise on Masonry Construction. 

Wiley. $5.00. 
D. Buel, A. W. and Hill, C. S. Reinforced Concrete. 

Engineering News Pub. Co. $5.00. 
CfD. Comstock, Geo. C. A Text-Book of Field Astronomy 

for Engineers. Wiley. $2.50. 
D. Gillespie, W. M. A Treatise on Surveying. Two 

vols. Appleton. $5.00. 
D. Hayford, J. F. Text-Book of Geodetic Astronomy. 

Wiley. $3.00. 

C. Hodgman, F. Manual of Land Surveying. Hodg- 

man. $2.50. 

D. Johnson, J. B. Theory and Practice of Surveying. 

Wiley. $4.00. 
Designed for the use of surveyors and engineers 
generally. 
D. Ketchum, Milo S. The Design of Steel Mill Build- 
ings, and the Calculation of Stresses in Framed 
Structures. Engineering News Pub. Co. $4.00. 
D. Merriman, M. Elements of Precise Surveying. 

Wiley. $2.50. 
P. Merriman and Jacoby. A Text-Book on Roofs and 
Bridges. Four vols. Wiley. $2.50 per volume. 
D. Nugent, P. G. Plane Surveying. Wiley. $3.50. 

Text- and reference-book for use of students 
in engineering and for engineers generally. 
D. Patton, W. M. A Practical Treatise on Foundations. 
Wiley. $5.00. 
D,C. Pence, W. D., and Ketchum, M. S. Surveying 
Manual — ^A Manual of Field and Office Methods 
for the Use of Students in Surveying. Engi- 
neering News. $2.00. 
D. Prelini, Chas. Tunneling. Van Nostrand. $3.00. 



OOMMITTEB ON TEOHNIOAL BOOKS. 73 

D. Raymond, W. O. Plane Surveying. American Book 
Co. $3.00. 

2>. Boot, E. A. Military Topography and Sketching. 
Hudson-Eomberly Pub. Co. $2.50. 

D. Waddell, J. A. L. De Pontibus : A Pocket Book for 
Bridge Engineers. Wiley. $3.00. 
C,D. Wait, J. C. Engineering and Architectural Juris- 
prudence. Wiley. $6.00. 

Municipal and Sanitary Enoineebino. 

C,P. Baker, M. N. Municipal Engineering and Sanita- 
tion. Macmillan Co. $1.25. 
C, D. Carpenter, R. C. Heating and Ventilating Buildings. 

Wiley. $4.00. 
B,D. Chapin, Chas. Y. Municipal Sanitation in the 
United States. Providence. $5.00. 
D. Elliott, C. G. Engineering for Land Drainage. 
Wiley. $1.50. 
C,D. American Steam and Hot Water Heating Practice. 
Engineering Record. $4.00. 
A selected reprint from descriptive articles from 
the ** Engineering Record." 
D. Folwell, A. P. Sewerage. Wiley. $3.00. 
B. Frankland, Mrs. Percy. Bacteria in Daily Life. 

Longmans. $1.75. 
D. Fuertes, J. H. Water and Public Health. Wiley. 
$1.50. 
The relative purity of water from different sources. 

B. Gerhard, W. P. Sanitary Engineering. $1.25. 
B,C. Goodhue, W. F. Municipal Improvements. Wiley. 

$1.75. 

C. Lawler, James J. Modem Plumbing, Steam and Hot 

Water Heating. 

D. Merriman, M. Elements of Sanitary Engineering. 

Wiley. $2.00. 
A manual of the methods, utility and cost of pub- 
lic improvements for the municipal officer. 
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ByC. Price, G. M. Hand-Book of Sanitation. Wiley. 
$1.50. 

B,(7. Richards, E. H., and Woodman, A. G. Air, Water 
and Food from a Sanitary Standjwint. Wiley. 
$2.00. 
B, C, Z>. Sedgwick, W. T. Principles of Sanitary Science and 

the Public Health. Macmillan. $3.00. 

C, D. Tumeaure, F. E., and Kussell, H. L. Public Water 
Supplies : Requirements, Resources and the Con- 
strucfion of Works. With a chapter on Pump- 
ing Machinery by D. W. Mead. Wiley. $5.00. 

Roads and Pavements. 

D. Aitken, T. Road Making and Maintenance. Lon- 
don. $6.00. 
A practical treatise for engineers, surveyors and 
others. A historical sketch of ancient and modem 
practice. 
D. Baker, I. O. A Treatise on Roads and Pavements. 
Wiley. $5.00. 
Recent, quite complete. 
C, D. Byrne, A. T. Highway Construction. Wiley. $5.00. 
Treatise on location, construction or maintenance 
of roads, streets and pavements. 
2>. Godrington, T. Maintenance of Macadamized Roads. 
$3.00. 
English, best in its line. 
B,C. Gillette, H. P. Economics of Road Construction. 

Engineering News Pub. Co. $1.00. 
C, D. Judson, Wm. P. City roads and Pavements. Suited 
to cities of moderate size. Engineering News 
Pub. Co. $2.00. 
C. Love, E. G. Pavements and Roads; Their Construc- 
tion and Maintenance. McGraw Pub. Co. $5.00. 
C,D. Rockwell, A. C. Roads and Pavements in France. 
Wiley. $1.25. 
C. Shaler, N. S. American Highwa3rs. $1.50. 



OOMMITTEB ON TECHNICAL BOOKS. 75 

C,D. Spalding, F. P. Boads and Pavements. Wiley. 
$2.00. 

C. Stone, B. New Boads and Boad Laws in United 

States. $1.00. 
CfD. Tillson, George W. Street Pavements and Paving 
Materials. Wiley. $4.00. 

Bailboads. 

C,D. Adams, B. B. The Block System of Signalling on 
American Bailroads. Bailroad Gazette Publish- 
ing Co. $2.00. 
Describes methods and appliances; the best book 
on the subject. 

D. Allen, C. F. Bailroad Curves and Earthwork. $2.00. 
Z>. Berg, W. G. Buildings and Structures of American 

Bailways. Wiley. $5.00. 
A good reference book on the subject. 
C Blackall, B. H. Air-Brake Catechism. Engineering 
News Pub. Co. $1.50. 
A complete treatise on air-brake and signalling 
apparatus. 
(7,2). Camp, W. M. Notes on Track. Bailway and Engi- 
neering Beview. $3.75. 
A comprehensive work. 
BfC. Clark, T. C, and others. American Bailway: Its 
Construction and Development, Management and 
Appliances. Scribner. $3.00. 

B, C Forney, M. N. Catechism of the Locomotive. B. B. 

Gazette. $3.50. 
The simplest and most complete description of the 
construction and working of the locomotive engine. 
2>. Godwin, H. C. Bailroad Engineers' Fieldbook and 
Explorers' Guide. Wiley. $2.50. 
For use on locating and exploring surveys. 
P. Goss, W. F. M. Locomotive Sparks. Wiley. $2.00. 

C, D. Hall, W. E. Car Lubrication. Wiley. $1.00. 
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D. Henderson, G. E. Locomotive Operation. Railway 
Age. $3.50. 
A modem and comprehensive treatment of the 
principles underlying the action of a locomotive. 
D. Langdon. Applications of Electricity to Railroad 
Working. $5.00. 
B,C. McShane. Locomotive up to Date. Griffin. $2.50. 
A good book for engineers, firemen and those hav- 
ing to do with construction and repairs. 
C Meyer, J. G. A. Modem Locomotive Construction. 
Wiley. $10.00. 
C, D. Modem Locomotives. R. R. Gazette Pub. Co. $7.00. 
Contains drawings and specifications of 375 types 
of steam and electric locomotives and air motors. 
By C,D. Panghom, J. G. The World's Railway. Angus Sin- 
clair Co. $7.50. 
A complete history of the development of railroad 
track and equipment. 
C, D. Pettigrew, U. F., and Ravenshear, A. F. A Manual 
of Locomotive Engineering. Lippincott. $6.00. 

C. Reagen, H. C. Locomotives : Simple, Compound and 

Electric. Wiley. $2.50. 
P. Searles, W. H. Field Engineering. Wiley. $3.00. 
A handbook of the theory and practice of railway 
surveying, location, and construction. 
B, C. Sinclair, A. Locomotive Engine Running and Man- 
agement. Wiley. $2.00. 
2>. Tratman, E. E. Railway Track and Track Work. 
Engineering News Pub. Co. $3.00. 

D. Voss, Wm. Railway Car Construction. Tan Arsdale. 
D. Wellington, A. M. Economic Theory of Railway Lo- 
cation. Engineering News Pub. Co. $5.00. 

A standard of reference and an analysis of the 
conditions controlling the laying out of railways to 
effect the most judicious expenditure of capital. 
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Abchitectuke. 

P. Berg, L. de C. Safe Building. Two vols. Macmil- 
lan. $10.00. 
Intended for architects and engineers, containing 
construction, formulas for strength, and numerous 
worked examples. 
CyD. Birkmire, W. H. Architectural Iron and Steel, and 
Its Applications in the Construction of Build- 
ings. Wiley. $3.50. 
A little old now, but contains much valuable in- 
formation. 
C,D. Birkmire, W. H. Compound Riveted Girders. 
Wiley. $2.00. 
Most practical book on their design and details. 
C Birkmire, W. H. Planning and Construction of 
High Office Buildings. Wiley. $3.50. 
An excellent work on steel frame structures and 
the different methods of fire-proofing them. 
D. Birkmire, W. H. Skeleton Structures. Wiley. 
$3.00. 
An early book on steel frame buildings; of some 
value still. 
B, C, D. Briggs, W. R. Modem American School Buildings. 

Wiley. $4.00. 
A good general work on large school buildings, 
and their ventilation and warming. 
C,D. Buhlmann, J. Architecture of Classic Antiquity. 
Germany. $18.00. 
With English text. A fine collection of archi- 
tectural motives taken from Grecian, Roman and 
Renaissance architecture ; very valuable to architects^ 
draftsmen, and students. 
C,D. Building Trades' Pocket Book. Flexible morocco. 
Colliery Engineer. $1.50. 
An excellent work for architects and builders, up- 
to-date, published in connection with the text-books 
of the International Correspondence School. 
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B,C,D. Carpenter, R. C. "Warming and Ventilation of 

Buildings. A manual for heating engineers and 
architects. Wiley. $4.00. 
Best general treatise on the subject, valuable for 
general reading by owners and for specialists. Good 
text-book. 
B,C. Clark, T. M. Architect, Builder and Owner before 
the Law. $3.00. 
A general statement of the principles of law ap- 
plicable to the erection of buildings, intended to keep 
the laymen out of difiSculties. 
B,C,D. Clark, T. M. Building Superintendence. Revised 

edition. Macmillan. $3.00. 
Good book for owners, architects, and sui)erinten- 
dents of the construction of buildings. 
B,C,D. Cumming, C. A. History of Architecture in Italy. 

Houghton, Mifflin Co. Two vols. $7.50. 
Best history of the development of Christian archi- 
tecture in Italy from its beginning to the opening of 
the Renaissance period. Fully illustrated. 
B,C,D. Fletcher, B. F. History of Architecture. Fourth 

edition. London. $4.40. 
The best text-book for serious students of architec- 
ture and readers, architects, and advanced amateurs 
and travelers. 240 plates of photos and details ; very 
concise treatment; rather dry for general readers. 
D. Freitag, J. K. Architectural Engineering. Wiley. 
$3.50. 
A very complete and thorough treatment of the 
construction and fire-proofing of steel frame office 
buildings. 
D. Freitag, J. K. Fire-Proofing of Steel Buildings. 
Wiley. $2.50. 
A good work on different systems of fire-proofing 
buildings. 
B,C. Hamlin, A. D. F. History of Architecture. Long- 
mans. $2.00. 
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B, C. Holt, B. B. Bugs, Oriental and Occidental, Antique 

and Modem. A book for ready reference. Mc- 
Qurg. $3.50. 
Description and colored plates of rugs from differ- 
ent countries. Descriptive circular sent on request. 
D. Ketchum, Milo S. The Design of Steel Mill Build- 
ings and the Calculation of Stresses in Framed 
Structures. Engineering News Pub. Co. $4.00. 
D. Eadder, F. B. Architects' and Builders' Pocket 
Book. Flexible morocco. Wiley. $5.00. 
Largest architects' pocket book. 

C, D. Kidder, F. E. Carpentry. Comstock. $4.00. 

Comprises carpentry and joinery of buildings. 
ByCyD. Kidder, F. E. Churches and Chapels. Comstock. 

$3.00. 
Best practical work on the planning and arrange- 
ment of churches, with Sunday-school rooms, etc. 
Many examples. 
C,D. Kidder, F. E. Masonry and Metal Construction. 
Comstock* $4.00. 
A good work on these subjects, for study and 
reference. 
B, C. Litchfield, F. History of Furniture. From the earli- 
est to the present time. $5.00. 
A good and fully illustrated popular history of 
furniture. 
B,C. Marquand, A., and Frothingham, A. L. History of 
Sculpture. Longmans. $1.50. 
B, C, D. Moore, C. H. Development and Character of Gothic 

Architecture. Macmillan. $4.50. 
Best description of Gothic architecture and its 
principles for general and professional readers. 
Good illustrations. 
B, C. Mumf ord, J. K. Oriental Bugs. $7.50. 

Many colored plates and good descriptions of 
oriental rugs from various places of manufacture. 
This and Holt's Bugs are of especial interest to 
ladies. 
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B,C,D. Sturgis, R. Dictionary of Architecture and Build- 
ing. Three vols. Macmillan. $18.00. . 
A new, fully illustrated and valuable dictionary 
for reference, and also containing many valuable and 
extended articles for the use of the amateur and pro- 
fessional. 

Other dictionaries and cyclopaedias are out of date, 
mostly foreign, etc. 
B. Sturgis, B. European Architecture. Macmillan. 
$4.00. 
An interesting history for general readers, with 
many good illustrations. 
B, C. Van Dyke. J. G. History of Painting. Longmans. 
$1.50. 
^ther brief, but an excellent general work, for 
general readers, ladies' clubs, art classes, etc. 
B, C, D. Wheelwright, B. M. School Architecture. $5.00. 

Best general treatise on planning and treatment of 
large school buildings. Author had much experience 
as city architect of Boston. 

Biography. 

Abemathy, J. S. Life and Work of J. Abemathy. London. 

Net $2.65. 
American Engineering Competition. Being a series of articles 

resulting from an investigation made by *'The Times," 

London. $1.00. 
Church, W. C. Life of John Ericsson. Two vols. $6.00. 
Glazebrook, R. T. James Clerk Maxwell and Modem Physics. 

$1.25. 
Holmes, F. M. Engineers and their Triumphs. Net $0.60. 
How, Lewis. James B. Eads. Net $0.65. 
Hubert, P. G. Inventors (Men of Achievement). $1.50. 
Judson, I. F. Cyrus W. Field, Life and Work. $2.00. 
MacKay, T. Life of Sir John Fowler. Net $5.60. 
Smiles, S. Industrial Biography. London. Net $1.25. 
Smiles, S. Life of George and Robert Stephenson. London. 

Net $2.65. 
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Smiles, S. James Nysmith ; an Autobiography. $1.50. 

Smithy G. B. Life and Enterprises of de Lesseps. Net $2.65. 

Stuart, G. B. Lives and Works of Givil and Military Engi- 
neers of America. $5.00. 

Thompson, S. P* Faraday, Life and Work. $1.25. 

Thorpe, T. E. Humphrey Davy, Poet and Philosopher. 
$1.25. 

Trowbridge, J. Samuel F. B. Morse. Beacon Biographies. 
Net $0.75. 

Telford and Brindley ; Their Lives and Engineering Triumphs. 
London. Net $0.40. 

Discussion. 

Professor Van Ornum: I note that the classifica- 
tion adopted involves what appears to me to be an 
unfortunate implication. I refer to the fact that 
under the class of books listed under ^^ Civil Engi- 
neering*' is grouped works on the two subjects of 
** Surveying *' and ^* Structural Engineering, ' ' while 
such subjects as ** Municipal and Sanitary Engineer- 
ing/' *^ Roads and Pavements,'' ^ * Railroads, " ** Hy- 
draulic Engineering," and *' Materials" are given an 
independent classification, although these subjects are 
either altogether or in considerable part really civil 
engineering in essence, and very important branches 
of it. The important feature would seem to be that 
this classification by implication robs civil engineer- 
ing of the larger part of its legitimate field. Li other 
words it would give the implied approval of our 
society to such a popular error as we sometimes en- 
counter, viz.: that surveying and civil engineering 
are practically synonymous. I note that similar am- 
biguity is avoided in mechanical and electrical engi- 
neering subjects by making the sub-classification, but 
omitting the ge^eral terms just mentioned. 

I would suggest to the committee and society the 

6 
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advisability of avoiding such a situation by definitely 
placing the sub-classes of civil engineering under this 
general heading; or, perhaps better, inasmuch as it 
would more nearly harmonize with the general ar- 
rangement, by omitting the headings ^* Civil Engineer- 
ing*' and classifying the books given in the prelim- 
inary report under this head under '^Surveying'* and 
** Structural Engineering/' 

Peofbssoe D. C Jackson: I have little to say ex- 
cept in admiration for the work of this report. I 
would suggest the addition of four books, '* Alternat- 
ing Current Phenomena'' and *' Elements of Elec- 
trical Engineering" by Steinmetz, ** Dynamo Electric 
Machinery" by Thompson, and **The Art of Illu- 
mination" by Bell. 

Mb. W. 0. WiiiEy: The book on ^'Eoads and Pave- 
ments in France" by A. C. Rockwell, and Dawson's 
** Engineering and Electric Traction Pocket Book" 
are now out of print. 

Mb. Bassett Jones, Jb.: A little magazine just 
started entitled ''The Illuminating Engineer," and 
devoted to the science of illumination, is an excellent 
periodical. 

Pbopessob Nobbis: Along the line of electrical engi- 
neering literature I would say that our department 
in Sibley College has recently conducted a canvass of 
professors of electrical engineering and some prac- 
tising engineers regarding the best books in the vari- 
ous branches of electrical engineering. The results 
of the canvass are as printed on the accompaoying 
circular. I do not know that this is a model list, but 
it represents the concensus of opinion of a large num- 
ber of electrical engineers. The first title in each 
group is presumably that of the work which gives the 
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best survey of the subject; while the mastery of the 
entire Ust in any group should render a student en- 
tirely familiar with current practice as far as such 
familiarity can be acquired from books. 

Electrical Engineering Department, Sibley College: 
Reference Books for Electrical Engineers. 

The following list of books has been selected in con- 
ference with the leading teachers of Electrical Engi- 
neering and with a number of prominent practising 
engineers. Each book represents the judgment of a 
number of persons and the list is arranged in order 
of the number of votes cast. The list has been con- 
densed so as to include only those books which are 
deemed most useful to a young engineer leaving a 
technical school. Suggestions for changes in this list 
will be welcome at any time, as it is proposed to issue 
it annually for the benefit of each senior class. 

Electric Lighting. 

*^ Electric Lighting,'' F. B. Crocker, two volumes, 
$6.00. 

*'The Art of Dlumination, " Louis Bell, $2.50. 

Electric Railways. 

*' Electric Railways," Ashe & Keiley, net $2.50. 

** Electric Railway Economics," W. C. Gotshall, 
$2.00. 

'* Power Distribution for Electric Railways," Louis 
Bell, $2.00. 

'* Practical Electric Railway Handbook," A. B. 
Herrick, net $3.00. 

** Engineering Preliminaries for Interurban Elec- 
tric Railways," E. Qonzenbach, $1.00. 
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*' Report of the Electric Railway Test Commis- 
sion/'* net $6.00. 

Telephony. 

^ * Telephony/ ' A. V. Abbott, six volumes, $6.00. 

^* American Telephone Practice,'' K. B. Miller, 
$4.00. 

Power Generation cmd Trcmsmission. 

** Electric Power Transmission," Louis Bell, net 
$4.00. 

*^ Electric Transmission of Energy," A. V. Abbott, 
net $5.00. 

*^ Storage Battery Engineering," Lamar Lyndon, 
net $3.00. 

^'Electrical Conductors," F. A. C. Perrine, net 

''High Tension Power Transmission, A. I. E. E. 
and International Electrical Congress Papers," two 
volumes, net $5.00. 

Design and Construction of Electrical Machinery. 

"Design of Dynamos," S. P. Thompson, net $3.50. 

"Electric Motors," H. M. Hobart, $5.00. 

"Liduction Motors," B. A. Behrend, $1.50. 

"Alternating Currents," Alfred Hay, net $2.50. 

"Practical Calculations of Dynamo Machines," A. 
E. Wiener, $3.00. 

' ' Armature Windings of Direct Current Dynamos, ' ' 
E. Arnold, $2.00. 

"Induction Motors," B. de la Tour, translated by 
C. O. Mailloux, $2.50. 

Measurements. 

"Testing of Electro-Magnetic Machinery," Swen- 
son and Frankenfield, net $3.00. 

* Ab this report is just off the press it was not included in the lists 
sent in, but it is mentioned here because it contains much experimental 
data. 
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^'Electrical Engineering Measuring Instruments/' 
G. D. A. Parr, net $3.50. 

** Electrical Instrmnents, ' ' Carhart and Patterson, 
net $2.00. 

General Practical Works. 

** Electrical Engineers' Pocketbook, ' ' H. A. Poster, 
$5.00. 

^'Medianical Engineers' Pocketbook," Wm. Kent, 
$5.00. 

** Standard Polyphase Apparatus and Systems," 
M. A. Oudin, $3.00. 

'^ Mechanical Engineers' Eef erence-Book, " H. H. 
Suplee, net, indexed, $5.50, not indexed, $5.00. 

*' Steam Power Plants," H. C. Meyer, net $2.00. 

*' Practical Management of Dynamos and Motors," 
Crocker and Wheeler, $1.00. 

** Laboratory and Factory Tests in Electrical Engi- 
neering," Sever and Townsend, net $2.50. 

** Electrical Engineering," E. Eosenberg, net $1.50. 

** Central Electrical Stations," C. H. Wordingham, 
net $7.50. 

General Theoretical Works. 

** Theoretical Elements of Electrical Engineering," 
C. P. Steinmetz, $2.50. 

* * Alternating Current Phenomena, " C. P. Stein- 
metz, $4.50. 

** Alternating Currents," Bedell and Crehore, $2.50. 

*' Alternating Current Engineering," E. B. Ray- 
mond, net $2.50. 

** Elementary Lessons in Electricity and Magnet- 
ism," S. P. Thompson, net $1.40. 

** Cyclopedia of Applied Electricity," American 
School of Correspondence. 

** Dynamo Electric Machinery," S. P. Thompson, 
$7.50. 
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'* Elementary Book on Electricity and Magnetism,'* 
D. C. and J. P. Jackson, net $1.40. 

The most valuable reference books are the volumes 
of transactions of the engineering societies. It is 
suggested that students in electrical engineering join 
the A. I. E. E. either as students or associates. The 
value of the engineering periodicals should not be 
overiooked. 

Professor H. P. Talbot : I notice that in the report 
on technical books for libraries there is no general 
work which seems to cover modem chemistry, includ- 
ing the applications of physical chemistry. I should 
like to suggest the inclusion of a book recently pub- 
lished by the Century Co. and entitled ^'An Outline 
of Inorganic Chemistry." The author is Professor 
Alexander Smith, of the University of Chicago. 

Professor Magruder : I would suggest that the com- 
mittee include the number and date of the last edi- 
tion of each book. I notice that old editions are 
given, or described, where more recent editions have 
been published. The titles of a number of helpful 
older books might be added. The titles of quite a 
number of recently published books have been omitted. 
The number of books on mining engineering might 
be easily and wisely increased. 

I would like to know the reason for limiting the 
number of titles to five hundred rather than to six 
hundred or more. Would the committee decline to 
publish the titles of new books, or would they feel 
forced to eliminate as many titles as they added? 
Why should some books be listed twice, and others be 
omitted? For ease in finding the general subjects, 
would it not be well to rearrange the latter so that they 
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shall appear alphabetically in the table of contents f 
Why include the proceedings or transactions of certain 
societies, and omit the Transactions of Ihe American 
Institute of Mining Engineers; also why leave out 
the Proceedings of a society called the Society for the 
Promotion of Engineering Education f Why include 
the Pocket-Books of Kent^ Eidder, Suplee and 
Trautwine, and omit Foster ^s Electrical Engineers' 
Pocket-Bookf Should not Wait's Engineering and 
Architectural Jurisprudence be included under ** Ref- 
erence Books, *' rather than under ** Civil Engineer- 
ing''? I would suggest the insertion of **The Amer- 
ican Gas Light Journal," **The Gas Engine," a 
monthly magazine published in Cincinnati, and now 
in its ninth year, and **The Technology Quarterly," 
and that the bulletins published by certain of the 
engineering colleges be included. 

I do not like to see Professor Kent's ^^ Mechanical 
Engineers' Pocket-Book" designated as **the mechan- 
ical engineers' bible." The unintended irreverence, 
the slur on the profession, and the suggestion that 
this pocket-book is a ** sacred book" are hardly in 
good taste. 

The committee has done a laborious and useful 
piece of work, and should receive the thankful appre- 
ciation of the members of our society and of many 
others who will use the report. 

Pbofessob Swain: I would suggest that ** Archi- 
tectural Engineering" should be separated from 
* * Architecture. ' ' 

Pbopessoob a. N. Talbot: Some of the books on 
electrical railways are given under ** Railways," and 
some under ** Electric Power Transmission." Would 
it not be better to group all these under *' Electric 
Railways t ' ' 
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A Mbmbeb: I think that it would be well to have a 
uniform treatment of the books; to either give a fnll 
treatment, or none at all, in all cases. It is unfair 
to give one book ten lines, and another zero lines. 
There are nmnerons omissions in what the committee 
has called ** Civil Engineering/' and several other 
books on that subject itself should be included. I 
think that the list of books on ^^Bailroads" is inade-* 
quate. 

Professob D. C. Jackson : I think that some of this 
discussion arises from a misapprehension of the pur- 
pose of the committee. The object was to make a 
list of books which could be used by librarians of 
to-day. Undoubtedly it has faults, but it is the best 
list of its kind yet made up. It is not supposed to be 
a list of text-books per se, but a list of books desirable 
for public libraries. I know that the committee have 
done a great deal of work and taken a great deal of 
time to prepare the report 

Pbovbssob Kstcht7m: I agree very heartily witii 
Professor D. C. Jackson in regard to the report and 
am wiUing to agree that it is the best report ever pub- 
lished, but I think that it is unwise to add to the 
reiM>rt indefinitely. 

Professob Magbttdkr: I had in mind what has just 
been said when I made my remarks. As this report 
is being very generally used by librarians and pub- 
lishers, it should be up-to-date. Suppose one who 
knows little or nothing about engineering desires to 
present a book to a friend, or to add a book to a 
library, or to read up on some subject He finds in 
this report a book on the subject by Mr. A., but some 
one suggests that there is another and a later book 
on the same subject by Mr. B. Not finding it in the 
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list, he naturally decides that the judges who consti- 
tnte our conmiittee are of the opinion that the latter 
is too inferior a book to mention. And, even if it is 
mentioned, and without the number and year of the 
last edition, he may be led to choose a book published 
ten years ago in preference to a more recent publi- 
cation. 

Pbofessob Fobd: In reply to the question concern- 
ing the summary of the contents which appears after 
some of the books, I will call attention to the fact that 
in the first report of the committee few of the books 
were given any more notice than the author, title, 
publisher and price. When this report was reprinted 
by A. O. McClurg & Co. they added the publishers' 
announcements for many of the books. When the list 
of electrical books was revised, this practice was fol- 
lowed in cases where such announcements were at 
hand, so it is quite accidental what books are favored 
with extended notice and what are not. No attempt 
was made to add such notices to books already in the 
list. 

Pbofessob Tyleb: I would like to ask if represen- 
tatives of the American Library Association have 
been consulted by members of our committee! 

Peopbssob C. F. Aixen : My impression is that Pro- 
fessor Burgess has been in consultation with the 
American Library Association. I remember he gave 
a paper at a meeting of the Association. In relation 
to the list of books, which is intended to cover general 
subjects, it seems to me that certain books might very 
well be among those omitted, since they are of a 
highly specialized nature. The selection of books for 
such a report must be a matter of judgment. I appre- 
ciate the work which Professor Burgess has done. 
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Peopbssob a. N. Talbot: I wish to ask why the 
Proceedings of the American Society of Civil Engi- 
neers are specified instead of the Transactions of the 
Society? The latter includes the revised papers and 
the complete discassion, while the former is in the 
nature of advance copies and is subject to correction. 

Peofessoe Kbtchtjm: The report was originally 
intended for general libraries. We have had applica- 
tions from many libraries, but I do not believe that 
it has been used as an authoritative list for technical 
schools. The new list will be used as a complete list 
of technical books. 

Pbofessob Swain : It seems to me that we all appre- 
ciate the work of the committee, for the report cer- 
tainly does contain a large amount of valuable infor- 
mation. 

Pbofessob Bubgess: It is highly gratifying to the 
committee that its report received the attention and 
discussion which the members of this society have 
given it. The remarks which partake of the nature 
of adverse criticism are no less gratifying to the com- 
mittee than are the occasional words of commenda- 
tion. The very nature of the work which has been 
undertaken, namely the passing of judgment upon the 
valuation for a particular purpose of a large number 
of books, allows many errors of judgment to creep in. 
It is naturally the desire of the committee to eliminate 
these errors as rapidly as may be, and suggestions as 
to the addition of other titles, such as have been made 
by Professors Jackson, Van Omum, Talbot, Ma- 
gruder, and others, will be gladly considered by the 
committee in the next edition of the list. 

In the earlier work of the committee comparatively 
little interest was shown on the part of authors and 
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publishers in the work wliidi was undertaken. Mem- 
bers of the American Library Association, while ex- 
pressing interest in the woik, made no definite offer 
of assistance, except as individnals, althongfa, as Pro- 
fessor Allen stated, the diairman of the conmiittee 
presented a pai)er at a meeting of this association 
several years ago in which an ontline of the proposed 
work was given and assistance invited. It is perhaps 
tme that the committee should make effort to secure 
active co-operation, especially in the matter of revi- 
sion of the list as to dates, editions, publishers, and 
the like, which will increase the utility from the li- 
brarian 's standpoint. 

Notwithstanding this lack of interest just referred 
to, abundant incentive for further effort was found in 
the cordial reception given to the first published list 
by librarians and by individual users of it, McClurg 
& Company of Chicago, with the approval of the com- 
mittee and of officers of the society, undertook to edit 
the list and to give it wide circulation. Two editions 
have been gotten out by the company and thousands 
of copies have been furnished by them to book users 
in all parts of this country and abroad. The revision 
which the list underwent at the hands of this company 
consisted in the elimination of many errors of dates, 
prices, and editions, and removal of certain books 
which were no longer on sale. Some improvement in 
classification was effected, and, following out the sug- 
gestions of Professor Van Omum, other improve- 
ments in this matter are shown to be capable of 
achievement. There is perhaps one criticism which 
may be urged against the revised list as published by 
A. C. McClurg & Company in their omission of the 
name of the publisher following each title. On the 
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whole your committee feels that our society has been 
benefited by the revision and distribution of the list 
by this company, especially since they give due credit 
to the society for the work which it has done. 

Following the wide circulation and extensive nse of 
the list has more recently come that interest which 
was lacking at the start, namely its recognition by 
publishers and authors. This interest should be fos- 
tered still further since it urges upon the attention 
of the committee certain works which might otherwise 
be overlooked or which might not be given due con- 
sideration. This interest, while perhaps tending to 
increase the labors of the committee, will tend toward 
a greater efficiency. 

The writer acknowledges the justification of the 
criticism that the idea of commenting upon each of 
the various books has not been satisfactorily carried 
out. The length of comment is in no wise a criterion 
to the value of the book and, as has been suggested, 
some of the more important books are listed without 
any comment whatever. Professor Magruder has 
pointed out an objectionable designation as far as one 
particular book is concerned and there are undoubt- 
edly other objectionable statements. The committee 
feels that along this line alone there is abundant 
opportunity for further work. 

The original purpose of the committee was to pre- 
pare a list suitable for the smaller libraries, this being 
recognized as the place where the greatest benefit 
from the list would be derived. We are brought to 
the realization of the fact that the scope of the work 
might be enlarged, that the list should be made suit- 
able not only to the smaller libraries but to larger 
ones as well, not only to the general reader but to the 



OOMMITTEE ON TECHKICAIj BOOKS. 93 

technical man, not only to the general public but to 
those communities in which specialized industrial 
activity prevails, and where the demand for special* 
ized trade and industrial Uterature exists. 

We iherefore see a large field for further effort 
and are brought to the realization of the fact that the 
work thus far done may be considered only as a begin- 
ning of work which this society or some other organi- 
zation should prosecute in the future. 



REPORT OF COMMITTEE ON STATISTICS OF 
ENGINEERING EDUCATION. 

BY WM. T. MAGRUDER, 
Chairman of the Committee. 

In the report of your committee at the eleventh 
annual meeting it was stated (page 258, Vol. XI) that 
*^yonr committee is now engaged in tabulating the 
seventy odd different degrees which have been con- 
ferred since 1824, in the ten subdivisions of the pro- 
fession, and hopes to be able to present the tables as 
part of its next report.'* "We regret to say that that 
**next reporf is not yet ready. 

In the report just referred to, it was asked that ^4f 
any of the members have lists of degrees which have 
been granted by their alma mater, or by the institu- 
tion with which they are now connected, they will 
please send copies to the chairman. *' Possibly, the 
reason why that **next reporf is not yet ready is 
because the chairman has not received copies of the 
*' lists of degrees" as asked for. 

The committee respectfully submits an earnest of 
its intentions in the form of a tabulation of the '* De- 
grees Conferred by Engineering Colleges in 1904, ' ' as 
taken from the reports which have been received. 

Eef erring to the same, it will be learned that of the 
85 different kinds of engineering degrees offered for 
conferral in 1904, 22 were offered for post-graduate 
work and 68 were for undergraduate work, or a total 
of 90 degrees offered for work of different kinds and 
grades. Of the 22 kinds of degrees offered for post- 
graduate work, only 12 of them were conferred. Of 

94 
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the 68 degrees offered for undergraduate work, only 
47 of them were conferred. It wonld seem as though 
the variety was almost 50 per cent, in excess of the 
demand. 

Of the post-graduate degrees conferred, 28 of them 
were in civil engineering, 19 were in electrical engi- 
neering, 20 were in mechanical engineering, 3 were in 
mining engineering, 1 was in architecture, aud there 
were 11 master's and three doctor's degrees in gen- 
eral engineering, or a total of 85 post-graduate 
degrees. 

Of the baccalaureate degrees conferred, 613 of them 
were in civil engineering, 4 were in sanitary engineer- 
ing, 395 were in electrical engineering, 615 were in 
mechanical engineering, 3 were in marine engineer- 
ing, 28 were in mechanical engineering and electrical 
engineering combined, 228 were in mining engineer- 
ing, 3 were in metallurgy, 11 were in mining engineer- 
ing and metallurgy combined, 2 were in chemistry and 
metallurgy combined, 4 were in ceramics, 14 were in 
chemical engineering, 37 were in engineering chemis- 
try and applied chemistry, 22 were in architecture, 
18 were in textile engineering, and 395 were in gen- 
eral engineering, or a total of 2,392 baccalaureate 
degrees, and a grand total of 2,477 engineering de- 
grees of all kinds and grades conferred in 1904. 

It is the desire of the committee that its original 
intention shall be fuMUed. From such a set of tables 
could be determined: 

First, the number of different engineering degrees 
which have been conferred by each institution; 

Second, the changes which have been made in the 
lists of degrees offered by the different institutions; 

Third, something of the history of the rise and fall 
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in popularity of the conrses leading to the different 
degrees, as well as other items of interest. 

The importance of the subject was recently shown 
when facts were requested upon which to base an 
opinion relative to changing the degrees now oflFered 
by the College of Engineering of the Ohio State Uni- 
versity. One of the results of that request is the 
accompanying table, prepared by the department of 
civil engineering of that institution, from data col- 
lected by the chairman of your committee. 

In conclusion, your committee earnestly asks for 

the assistance of each and every member of the 

society. 

L. E. Bebeb, 

A. N. Taubot, 

H. W. Tylbb, 

C. L. ObandaiiL, 

M. S. Ketchum, 

Wm. T. Magexjdeb, Chairman, 

Committee. 
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THE BENEFIT OF PHILOSOPHY TO THE 
ENGINEERING STUDENT. 

BY BASSETT JONES, JR., 
Consulting Engineer. 

The philosophy of education can hardly receive 
adequate treatment in the space of a short paper, but 
I believe it is a subject that does not have tiie atten- 
tion it deserves, particularly, at the hands of techni- 
cal men. You will observe, I think, that few of the 
papers that have been presented to this society do 
more than review or discuss particular methods in 
special branches of professional education. While 
this is fully within the aim of these gatherings, yet it 
seems right that a study of the object of education 
should be considered equally as important as a study 
of the subject of education. 

My thesis is not an easy one to present to you. 
The very abstractness of the argument requires for 
its development what may sometimes appear as ab- 
stract language ; but philosophy, like law, depends for 
a statement of its theses upon the use of unambiguous 
and exact technical phraseology. Probably you will 
disagree with my conclusions more often than you 
agree with them. But if what I have to say presents 
to you in any way a fresh point of view, then indeed 
my purpose will have been accomplished. 

The ideas to be presented in this paper had their 
origin in an attempt to overcome a feeling that there 
was something distinctly lacking in my own educa- 
tion, and I have since become convinced that at no 
period of my education, which was according to the 
7 97 
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prevailing system, could this want have been sup- 
plied. The omission was so keenly felt that a solu- 
tion of the difficulty was sought in self training with 
more or less satisfactory results, but unsatisfactory 
because in the time available but a small part of the 
work to be done could be encompassed, and this only 
in disconnected fragments. 

I do not feel that an apology for referring here to 
my own experience is necessary. My appeal is to 
be for a closer study of the self, since of necessity it 
is only through the experience of the self that the 
larger experience of the world can be reached. 

I had completed the curriculum offered ; I then sup- 
posed I was fitted to accept and fulfill any duties 
which my new profession of engineering might pre- 
sent to me. Yet when I came to face the world inde- 
pendent of others and dependent on my own efforts, 
I soon realized that, far from being ended, my edu- 
cation had just begun. That I realized little of what 
lay before me, I believe was due to the fact that, 
generally speaking, my teachers knew as little about 
it as I. 

According to the usual methods, I had been trained 
to observe and classify certain special orders of facts. 
I had been taught to argue more or less correctly 
from such facts as premises to certain special results, 
and to embody these results in concrete form. With 
this preparation I was to journey forth into the world 
and make it my home. As one looks back on this 
venture it seems indeed a forlorn hope. Of the world 
into which I had come I knew nothing, yet a knowl- 
edge of its relations to me and my work seemed essen- 
tial to my success in life. Now, by success in life I 
do not mean success in money-making, nor do I mean 
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success in a chosen profession. Both are very desir- 
able I admit, but desirable only as means to an end 
—namely, to live. 

Thus I argued. Here am I a self-conscious indi- 
vidual pitted against the world, and, to me, this world 
is mostly a chaos of conflicting aims and efforts. Life 
appears as a ceaseless and ruthless struggle for 
supremacy— an eternal battle between the weak and 
the strong, physically and mentally. This, it seems, 
is a fundamental law. How then am I to so conduct 
myself that I may become one of the fit! Am I to 
confine my efforts to my chosen profession! But this 
is impossible. My profession cannot be separated 
from the rest of the world and treated as an inde- 
pendent entity, for I observe that my work is insepar- 
ably linked to that of others, that my interests and 
other interests are, in reality, one and the same. 
Indeed, try as I will, every idea of mine can obtain 
but a partial fulfillment if studied only in the light 
of what I have learned, and I observe that this is 
true, not only of professions but of every field of 
human endeavor and thought. Not a single fact but 
has its being bound up with the being of the world 
as a whole. No present experience that does not 
require all past and future experience to properly 
develop its meaning. Thus my argument brought me 
to an understanding of that true unity of human 
effort that is the foundation of all that is either good 
or wise. 

Now these are indubitable facts that any one who 
attempts to grasp even a single aspect of the world 
must accept and apply. Thus observed, the world 
loses all of its sinister character. Strife, hatred and 
immorality are seen in their true light as the outcome 
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of ignorance. The real struggle of the world is to 
gain a harmony of purpose. This struggle is due to 
a continuous development towards ideality— not the 
idle perfection of the mystic ideal— but a life that 
can give the fullest expression to the best of which 
our race is capable. 

It was in failing to teach me the basic principles 
of life that my education was amiss. I was given a 
tool, but knew nothing of the nature of the material 
with which I was to work. And this, it seems to me, 
is an essential defect to be found in all present sys- 
tems of technical education. 

It is idle to object that a knowledge of life can 
only be gained by experience. It would be equally 
true to say the same of engineering. If it is neces- 
sary that we should be educated to fit us for the 
duties of a profession, it is, at least, equally important 
that we should receive an education that will fit us 
for the duties of life. The first makes a machine of 
the student. The second makes him a living being. 

Nor can you object that this training for life is the 
object and duty of the home schooling, for I accept 
your objection, but I add this, that the home is the 
proper school for life only when life is there studied, 
not after the usual haphazard methods, but as a sub- 
ject worthy of careful analysis and scientific treat- 
ment. Life in our world has become so complicated 
and withal so little understood, that a man needs 
more than hereditary instinct and the influence of a 
too often biased and prejudiced attitude to guide him 
aright. Whether good or evil is to be predominant 
in his life is purely a matter of whether he has been 
so trained that he can foresee what deeds of his will 
bring his life into harmony with the life about him, 
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and whether he has the strength of will to ahide by 
what his judgment teaches him is right. But the 
transition from thought to deed must not be made on 
insufficient or false reasoning. The experience of 
each of us is quite a different thing from the experi- 
ence of our parents or of our teachers. What seems 
right to the individual in the light of his parents' 
ideas may be quite wrong and immoral for his own 
life. He must be taught to think about and correctly 
analyze his own experience. He must, so to speak, 
take the world into his confidence. It is the expres- 
sion of his own individuality and he must make the 
best of it. 

We may say then, with the Emile, that the art of 
living is the trade we are to teadi, and whatever else 
an education may do for us, if it is to make us worthy 
of our opportunities, it must first show us how to live. 
How we ought to conduct ourselves toward the world 
is then the essential point, and before we can intelli- 
gently outline a scheme of conduct we must if possi- 
ble learn what relations the finite self bears to the 
world at large. 

The world, says the philosopher, is your larger self. 
It is **the totality of life that at this moment you 
f ragmentarily grasp. ' '* In short, the world is purely 
what you make it. A narrow life means a narrow 
world. It is the full life of a full world that you 
must seek to live. This is your task and anything 
short of complete success therein leaves you a bank- 
rupt in proportion to your failure. 

But, to live completely, you must put yourself in 
touch with all the world, not with one small aspect of 
its beiQg. The men who have outlined the world for 
us, the men whose wills are expressed in our life— 

•"The World and the Individual," Royce. 
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the consistent selves and individuals of our finite 
world— were never men of narrow lives. Life and 
the world meant more to them than the interests of 
a single self or of any one group of selves. They 
grasped the whole unity of the world, its all-embrac- 
ing purpose, and its manifoldness in unity as ex- 
pressed in our separate but closely inter-related 
selves. Our lives have been moulded by such men 
of deep understanding and, by them, our thoughts 
have been turned away from the merely possible to 
an expression embodied in the valid and the concrete. 

In fact no one but the man of broad knowledge 
knows or realizes the depth of the intricate connec- 
tions and interweaving among the many fields of 
human effort nor can hope to guide this effort so as 
to prevent the clash and confusion arising through 
mutual ignorance. We sometimes say these men 
have great executive ability which is only another 
way of saying that their deeper insight enables them 
to see farther than ourselves. They are able to say 
to the specialist, ^^Your efforts will be quite useless 
unless carried on in this or that direction. *' Why! 
Because, from their viewpoint of the world, they 
stand above the specialist Because their scope is 
larger; because for their practical purposes the world 
is a many sided object, each facet formed with a pur- 
pose expressed in certain laws, and the whole present- 
ing one governing principle that they more or less 
completely grasp. 

I do not say that such men are always the highest 
type of the individual. But they illustrate the prin- 
ciple that the man whose systematized knowledge is 
the broadest is best equipped to meet the demands of 
whatever he conceives his life to be. The true life 
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of the world is infinitely beyond any such hard work- 
a-day expression because the best life must be 
founded on an essentially moral basis. 

We often hear it said that this is the age of the 
specialist That every man must devote his entire 
time and all of his efforts to one thing, that he is only 
valuable in so far as he knows more than any one else 
about some one subject. Success is possible to such 
a man, if by success one means that he is to be the 
slave of his business, and that, when all is said and 
done, he leaves only his business behind him. Does 
he ever stop to ask himself what it is that he is so 
ardently striving to dot You may say that tiie love 
of gain is not generally the actuating principle. It 
is, you claim, the love of work, and the joy of achieve- 
ment that serve as motives to spur him on. Yes, but 
spur him on to whatf How can he know that his 
efforts are not relatively wasted if he does not know 
what it is that he is to gain by his struggles for self - 
expression? Is it famef But, what an etheric will- 
o'-the-wisp is fame! So weak is its flame that it is 
fairly extinguished as death snatches the laurel 
wreath from the lifeless brow* Is it achievement t 
Lo, even as the mason lays the stone it crumbles in 
decay. Is it discovery? Wider knowledge, Uke the 
sun, causes your torch to cast its shadow. Is it 
wealth? Verily, death shall find you poorer than the 
beggar. So the story runs. The passing things of 
this moment— in what consists their stability and 
worth? And all that our empirical sciences call life 
—has it no such deep foundation of truth that its 
purposes and being can fimd no better expression than 
in things such that, even as we grasp them they are 
torn from our faltering hands ? Is it that such things 
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are but the surface ebullition of the current boiling 
beneath? Such we claim they are, and we also argue 
that their only value is the indication which they fur- 
nish of a life absolute and individual in itself, yet 
embracing an infinite variety of modes of expression 
of which our life is but a fragment and, mayhap, nay 
with every probabiUty, a very insignificant fragment 
at that. Even so we are not doomed to disappoint- 
ment. In eternity all purposes must be fulfilled— in- 
deed their fulfillment is an implication of their being 
just as every part of the winning of that fulfillment, 
even this part taking place in our temporal world, is 
a necessary and integral portion of the fulfillment it- 
self. But, all finite effort makes for a successful cul- 
mination only when that effort is in harmony with 
the deepest purposes of life, and is therefore moral. 
Temporary success may seemingly be achieved where 
immoral deeds are the outcome of discordant pur- 
poses, but the toll is rigidly exacted in every case and 
all the world must eventually pay for every trans- 
gression of the moral law. Such is our outcome. 
The principle that ought to guide our lives is the 
principle of harmony, and its deepest meaning can- 
not be found in any fragment of the world, but only 
through experience, knowledge, and appreciation of 
what the world in its totality can show us. 

So that the specialist so-called simply leaves out of 
his life the greater part of that experience the win- 
ning of which ought to constitute his life-work. He 
gains no self expression. His individuality has no 
scope and though he may count himself successful, 
his success is of a very illusory nature. He may win 
fame in his own field of endeavor. His work may 
produce great results. He may make great discover- 
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ies. He may oonnt great wealth as his. But surely, 
snooess is not foimd only in such passing things. 
Other men who in their lives have achieved none of 
these have still connted themselves successful. Is it 
then to win happiness that should be the summit of 
ambition t But happiness is a very relative term. 
Our really great men have rarely been happy men. 
Bather is happiness the outcome of ignorance. We 
are happy because we know no better. 

The only criterion of success then is the value of 
the finite individual life as a moral agent. We should 
strive, not for our own ends, but for universal ends. 
Your life is successful just so far as it helps to unify 
and harmonize experience, and this is a task that can 
never be temporally accomplished. Those who set 
themselves a duty whose fulfillment can be won in 
the period of our human time span can only meet with 
disappointment, and this is a necessary corollary of 
our finitnde. Whatever deeds are the outcome of my 
purpose in this finite life ought to be looked upon only 
as stages in the development of the internal meaning 
of my ideas. What I must seek is a clearer deter- 
mination of my will and I can never find just what it 
is that I ought to do unless I first determine what 
relations my life bears to the world about me. There- 
fore, the chief purpose of my education should be to 
give me such an understanding of the rest of the 
world that I can at least in some way properly see 
my own life as contrasted tiierewith. That this is an 
endless task I admit, but at least the developing self 
can be made to understand where he is to find the 
world and how he ought to interpret its relations to 
himself. 

In whatever way the lesson is learned the process 
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is the process of philosophy, and my thesis is, that 
the best way to teach the student to philosophize is 
to teach him philosophy. My thesis of course applies 
to every branch of education. But I claim that it has 
special force when studied with science, because sci- 
ence itself is our method of keeping the books of our 
experience of nature. 

You may say that the work of the specialist cer- 
tainly is a great harmonizing force. He is following 
one thread of experience and he is compelled to so 
mould his life that his deeds harmonize with the 
deeds of those about him. In this you would be quite 
right. But my point is this— that it is not so much 
what we do but what we are that is the principal 
criterion by which we should be judged. In special- 
izing with the elementary student you deliberately cut 
him adrift from most of life, ' and it is only later and 
through the hard lesson of adversity that he gains 
even a little of that broadness of conception that 
makes him of any value to the world. 

Suppose, if you will, that specializing is the wisest 
method of teaching a profession. Suppose this fact 
accepted, and that each one of us is a specialist in 
some one branch of experience— that is, each one of 
us is so trained that only a single narrow field of 
related facts is open for eadi one's investigation. 
Where then would lie the common meeting ground f 
How could we interchange ideas and study one an- 
other's deeds f Surely you will not deny that such 
a common base is essential to our very being. I can 
safely say that unless there is the possibility of such 
a thought exchange, the world would be but an intel- 
lectual chaos, and, further, the more extended our 
understanding of the work of other selves the more 
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complete must be our own individual eflfort. Indeed, 
if specializing is the best way of living, then what can 
the future hold out for us save the life still narrower ; 
the individual contracted within limits where the self 
is completely lost. With each step one more link that 
binds idea to idea, one more of the self -knots, is un- 
done; individuality loses its meaning; the world be- 
comes like the dried leaves of the forest, driven hither 
and thither by every gust that blows, because no com- 
munity of plan, no central interest binds all together 
into one harmonious whole. Yet it is at the same 
time true that a man should by all the means in his 
power seek to do well whatever he undertakes. His 
ambition should be to make himself a leader, the first 
in his profession. But he must not make himself lop- 
sided or he will defeat his own ends. 

Does it not seem that specializing has reached or 
has nearly reached the end of its evolution? It has 
served its purpose, but like all processes in the world, 
it must complete its cycle. Other intellectual forces 
are at work and in turn a new school of progress must 
arise. We begin to realize that at a certain point the 
specialist loses control. Finally the last binding link 
is severed and his work, no longer governed by ties to 
the rest of life, loses its restraint and so its useful- 
ness. It will, of course, be said that specializing is 
the outcome of the law of survival ; that it is the world 
at large and not the individual whose ends are to be 
served and that concentrated individual effort gives 
best expression to the progress of the world. Well, 
if by progress you mean that a man shall become the 
machine for the expression of one idea, if the world 
is to have no meaning for each save as the field for 
the exploitation of his pet hobby, if all that so called 
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** common sense *' calls unpractical is to be sneered 
down as useless rubbish clogging the wheels of this 
great engine of life, if poetry is to die out among us 
and the spiritual and intellectual be voted a bore, **if 
all uncultivated plants are to be classed as weeds, 
then indeed is it useless for men to learn anything 
that does not directly help to replenish the tUl and 
fQl the larder/'* But if the pleasures of life are of 
any moment, if altruism still is a force among men, 
if nature means more than a vast physical laboratory, 
in short, if there is any use in living, then by all 
means let us first try to live aright, let us start our 
young people out in life with at least some training 
in those two most useful acquisitions of the mind, 
imagination and an appreciation of the beautiful. 
You adequately train the imagination in certain lines, 
but there you leave it. The beautiful or sense of 
proportion which is the kernel and blood of life you 
criminally neglect. 

Now I hope I shall not be accused of dogmatism. 
Nothing so horrifies the philosopher as a dogmatic 
attitude. I merely wish to give you in as brief a 
form as my available time demands an outline of 
what modem philosophy has to say of the world. I 
do not ask you to accept what I say without giving 
the matter due thought. A fact is true for reason 
or else it is not true, and this is as true in philosophy 
as in the special sciences. The world is done with 
axioms. For my authority I appeal to yourselves. 
In physics as in mathematics we are no longer satis- 
fied with assumptions. We no longer begin an inves- 
tigation with an if. 

Yet in spite of this, I am told that I must formu- 
late my life as if this or that assumption is true. I 

Education," Herbert Spencer. 



* (( 
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am asked, what bearing has philosophy on practical 
livingf Why do yon burden yonr mind with subjects 
of sadi general and nniversal character T I answer, 
what can hare more obvions significance for tiie life 
of ea<^ of OB than the study of the meaning of the 
world and of onr place within itT 

It is hardly necessary to say that unless the fnlfill- 
ment of a conscious purpose is made evident through 
the life of the world, the world itself can have no 
meaning. For the world is nothing unless it is the 
consistent outcome of our ideas about it, and ideas 
only obtain their expression through the purpose of 
a will to get its meaning concretely embodied. The 
life of the world is then intimately bound up with the 
life of the self, and only as the self comes to require 
more of the world as the expression of its will does 
it rise in the scale of being. Thus the world and the 
individual must rise and fall together. There is no 
other alternative. A man and the world are both the 
better for his being, only as his life requires more of 
the world for its expression, bnt his life must be in 
harmony with what we may perhaps call the world- 
life, the totinn semul, or one inclusive individaal life. 
Only as this harmony exists is the life of the finite 
self moral, and only as it is moral does it help and 
not hinder the progress of the world. 

I am afraid all this is in too metaphysical a strain, 
but it is necessary to show that life is not a subject 
to approach in any haphazard manner and that its 
meaning and a study of its purposes are worthy of 
the most thorough attention. You would hardly en- 
trust the design of a complicated and delicate piece 
of machinery to a novice. You would require the 
designer to be thoroughly conversant with the laws 
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governing its construction, the principles employed in 
its operation, and the purpose for which it is. intended. 
Yet how few of our young men are sent forth into the 
world well trained in the chief business that is to 
employ their efforts; namely the business of living. 
Do you think that the learning of any one profession 
is a suiBScient preparation for life, or is likely to give 
us the power to give the greatest amount of good to 
the world! Is it not strange that even a few so 
trained are passably successful, that as the dusk 
draws near perhaps one man in a thousand— yes, 
thousands!— can look backward with a light heart and 
say, **My life has not been a failure, but has brought 
me happiness, comfort and riches unmeasured in gold. 
I have found life worth living, and whether or not 
my works are soon lost to the memory of man, yet 
have I done the ohief thing that a man can do in this 
world. I have lived.'* 

**To live in the broadest sense of the word; to live 
completely, that is the great thing that education has 
to teach '*;* and failing in this, education is itself a 
failure. 

You should seek to train the student to so bear 
himself to the world that the world shall enter fully 
into his being, and shall make of him no narrow pro- 
fessional, but a man of broad parts who can seize 
upon and claim for his own all the best thoughts and 
best works of those men who have made the world a 
place in which to live. To give the student a broad 
knowledge of fundamental principles and the logic of 
organized thought so that he can at least attempt to 
cope with any environment in which he may find him- 
self placed— this should be the chief aim of technical 
education. 

• " Education/' Herbert Spencer. 
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It is nonsensical to plead that in a short four-year 
conrse no more than a very special training can be 
acquired. You have no right to assume, as you do, 
that all the student needs to fit him for life is a course 
in studies mapped out for him in advance by men who 
know nothing of his special intellectual ability. The 
** average studenf bogey has about been worn out 
by overwork and as a result we find in our workshops 
and laboratories numbers of men who have either 
been trained too little or else trained too much. How 
frequently we see the man and the opportimity come 
together only to fall foul of each other. The man has 
been trained in one special field and is out of his 
depths the moment he crosses its borders. His sense 
of proportion is so ill-developed that he fails to ob- 
serve that the process of thinking is the same all the 
world over and in all mental activities of which finite 
mortals are capable. Too late he realizes that all the 
possible experience, considered in the light of his nar- 
row little world that he had avoided as unconsequen- 
tial in reality had very deep and close connections 
with his own life. 

The student comes to you determined to become, 
let us say, an electrical engineer. He is fresh from 
the high school and full of the hopes and imagiaative 
ambitions of youth. He has not the faintest concep- 
tion of what he is about to undertake as his life work 
save such amusement and occupation it has furnished 
for his boyish ingenuity. Of the rest of the world 
he is absolutely ignorant. 

You take him thus in the most plastic years of his 
life and with no attempt to make him aware that the 
world is other than he has fancied it to be, you plunge 
him into a course of special studies that leaves him 
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satarated with the idea that he has become something 
apart like a madiine that can turn out but one par- 
ticular article. Now this man may find as many an- 
other has found to his cost, that his opportunities 
come in a very different field than the one that he in 
his deep (?) wisdom has selected for himself. Or he 
may find too late, as others have done, that had he 
but realized his talents he might have made a better 
success of himself in an entirely different line. 

I am not preaching a sermon of discontent I am 
no pessimist. But I do believe that until a man has 
gained some knowledge and experience of the world, 
he is but ill-fitted to determine what life relations he 
and the world should bear to each other. The first 
essential in his education is broadness. He must be 
given a perspective in which he can see things in their 
right connections with one another and with himself. 
Then only is he able to judge his opportunities. He 
then sees them in several ways at once and can intel- 
ligently grasp their true magnitude. 

Such a training of course takes time. But is it not 
worthy of all the time it demands? Surely the re- 
sponsibilities of the engineer are no less than those 
of the lawyer or of the physician, yet in both these 
fields the student is required to show good reason 
why he should be permitted either to learn or to prac- 
tice his profession. 

I do not doubt you will say that this interest in 
mauy and often widely separated subjects will tend 
to give the student a diffused attitude of mind. Un- 
less he possesses great powers of concentration he 
will find himself very apt to merely skim over a train 
of thought jor else jump from idea to idea without 
carrying any one thing to a conclusion. I fully ap- 
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predate the danger of this '^scatter4>Tained** tjrpe 
of thintrng, but usually its seriousness is due to the 
fact that while the student is given a vast field for 
tiie employment of his thon^ts he is given no guide 
that will serve to direct his ideas in one way rather 
than another, or that will suggest to him relations 
between toincs that the practical mind oonsiders 
widely sundered. 

The only training capable of furnishing the influ* 
enoe that wUl bind all the student's ideas together 
and wUl color all his tiioughts with one exclusive in- 
terest is the training of philosophy. Philosophy will 
individuate the whole world for him, precisely as elec- 
trical theory will individuate for him the whole field 
of electrical engineering, or as medianics will indi- 
viduate for him the whole field of mechanical engi- 
neering. It will enable him to conceive and order his 
world in a perfectly logical way. 

It has often been put forward as an argument that 
life is too short and the demands of our age too stren- 
uous to permit a man to do justice to himself in more 
than a very narrow field of endeavor. On the other 
hand, it seems to me a question whether he does him- 
self any but the most tardy kind of justice under 
these conditions, and whether the conditions that 
make such demands apparently necessary are either 
beneficial or moral. Does not this very narrowness 
of training and life only serve in the end to refute 
its own arguments? When we find that specializing 
induces a wide interest in the duties of society ; when 
charity, humility, honesty and love find a growing 
interest in each one's heart, then and then only may 
we say that man lives. 

And where, you ask, are we to find an adequate 

8 
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concept of life to which the stndent may turn in his 
dilemma t The answer is plain. Wise men have, in 
the compass of their short lives, given to the world 
systematized accounts of the experience of their age. 
We call these men philosophers, and often laugh at 
them and at what we self-styled practical men are 
pleased to call their dreams. Yet, even though in our 
ignorance we fail to realize it, these same men have 
given to us all that we possess. Their work is not 
an attempt to explain the mysteries of the world, but 
merely to give a reasonable account of what in the 
past our attitude to the world has been and a critical 
analysis of the implications of life. No more, no less, 
you see, than the efforts of the empirical scientist in 
his narrower field. . 

And we all of us philosophize more or less ; indeed 
we must, otherwise we could not hope to guide our- 
selves aright. But if we are to live aright our phi- 
losophy must be, for our own lives, a true philosophy, 
and in this as in everything else we must be trained 
to think. 

Now I do not suggest philosophy as a general pana- 
cea. You can hardly fail to appreciate however that 
it will give to the student a method of analyzing his 
own thoughts and feelings in a way that at least ought 
to help him to a better view of life and will serve him 
as a guide in living. He will learn that in life as in 
everything else all depends upon the way in which 
you view your own exj)erience, and this in itself is 
the very view you are attempting to make him take 
of his profession. 

Philosophy does not put itself forward as a substi- 
tute for the special sciences, but rather as their com- 
plement. It does not determine the realm in which 
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empirical mvestigation should be coBdncted, nor does 
it attempt to state hypotheses by which the order of 
empirical facts should be described. What philoso- 
phy does is to show its how we on^t to proceed in 
estimating and interpreting the world as science finds 
it. 

I have time only to suggest the benefit of philoso- 
phy as developing the true scientific attitude. Much 
deeper and fuller than mathematics, which expresses 
in skeleton form the bare outline of a system of criti- 
cal thought, philosophy talks to us of the flesh and 
blood of our being. Indeed, in recent years philoso- 
phy has encroached upon all fields of learning and 
has lent to science its power as a tool of investigation. 
It is the parent of all exact knowledge and as such is 
worthy of your careful consideration. 

To one who has not learned to critically analyze 
his own experience and to contrast it with the expe- 
rience of others it often seems the height of folly to 
question the being of the world in its positive aspect, 
but we must remember that truth is purely relative 
and that what we know is real only in the light of 
experience and not absolutely. Our experience is 
only the shadow of truth. It continually leads be- 
yond itself and is never complete. A very brief 
study of the thought of past ages will make this evi- 
dent, and we shall find ourselves skeptical as to the 
truth of all that we now so confidently hail as unques- 
tioned fact; but skepticism and doubt have always 
been the goads that drive men into new pastures, and 
wider fields of knowledge. 

It is easy to laugh at the metaphysician. One asks, 
what good does all this logic-chopping? Why should 
we not take the world as we find it and cease this end- 
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less questioning as to the exact nature of things? 
Because we really do not find the world at all. Be- 
cause the world comes to us only as sentience and 
apart from sentience it has no reality. Not that what 
is real is not a true other to our ideas about it, but 
it is only a true other in as much as it is the consis- 
tent outcome of these very ideas. So that when you 
say that you find truth or that you succeed in doing 
what you with purpose have determined upon, what 
you imply is, that your ideas develop themselves con- 
sistently and without internal contradiction. You 
may will to do many things the actual doing of which 
is beyond you just because if executed they would 
prove to be outside of this, your world, and not a con- 
sistent development of your life, but you may by a 
careful study of just the conditions that surround you 
and make your life just what it is, in some measure, 
at least, overcome the breach between your finite ex- 
perience and the absolute experience which we seek 
to find in reality. In this way alone can you gain an 
understanding of the world that will enable you to 
find the best possible expression for your life. But 
reality is not to be found as the outcome of any one 
set of finite ideas, but as the complete fulfillment of 
all ideas that can produce a harmonious whole of 
experience. 

This world of fulfilled purpose taken in its totality 
is present, at any instant, to our consciousness as 
what the psychologist calls the "felt background. ' ' 
That we acknowledge such a whole of feeling is clear, 
but in our every day life we are concerned chiefly in 
discerning what the structure of this whole world is 
other than the facts that now occupy our attention. 
All science is busy with this question. In its attempts 
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to describe this world science employs the process of 
observing facts between which it seeks to find still 
other facts which will form the bonding links required 
by thought, and that will unify the empirical world 
for us so that we shall find in it a more or less com- 
plete expression of our life-purpose. But we must 
remember that, as we thus discriminate between those 
facts that fulfill our present purpose and the rest of 
the world, what we find possesses no finality. We 
must not allow the apparent fixedness of the laws of 
nature to form the ground for the assertion that the 
world has any fixed structure to which science is the 
key. For reality is not the physical world apart from 
the conscious knowledge of this world, and any at- 
tempted description of reality that fails to acknowl- 
edge both the fact and the knowledge of the fact is 
never more than half the truth. The choice of a 
specialty in this endless work of description is purely 
a matter of personal taste, and *' because of our 
human narrowness,'' says Professor Eoyce, *'any one 
man has to confine himself to his specialty.'' Each 
is to find his facts. He is to look for the invariant 
characters that are common to each of these observed 
facts and also to the linkage of implied facts that 
serve to transform one fact into the other. In stating 
the nature of these invariants, the observer states a 
law which we say governs the facts observed. 

I do not wish to be understood as disagreeing with 
Professor Koyce as to the narrowness of the special- 
ist's field. I merely observe that this narrowness is 
unfortunate because it tends to blind the specialist to 
ihis very narrowness. His tendency is to observe 
facts in a very one-sided way. He does not look all 
around them as he should. I agree that the special- 
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ist has to confine himself to his chosen field, bnt he 
must not forget that his field is as limitless as the 
world itself; and he must realize that the invariants 
in any transformation of facts may be quite different 
for different aspects of the facts themselves. To use 
a concrete example, the railroad engineer, if he is to 
be successful, must learn to look at his special prob- 
lem not only as a problem in engineering, but also as 
a problem in transportation, a problem in finance and 
a problem in sociology; to mention only a few aspects 
of the facts between which he is to establish an inter- 
polated series of related facts. Each view may cry 
for a separate solution, when he must be broad 
minded enough to weigh each solution properly. In 
fact his attitude to life is the fundamental thing. He 
must be free from bias. That he is an engineer must 
not overweigh the fact that he is also a student of 
traffic problems, a student of economics, and a student 
of the growth, distribution, and classes of population. 

And we find this true not only in this one example 
but also in every means of gaining a livelihood that 
we can suggest. The best man is always the broadest 
man. And this explains why in Europe the men who 
stand out as leaders of great enterprises are generally 
engineers. In America it is the engineer who does 
the bidding of the man who has founded his technical 
knowledge on a broad general education as a basis. 

Now all this seems quite evident from the stand- 
point of common sense. Surely no one questions that 
life is more than an eternal adjustment of conditions, 
yet there is no doubt that life also in a great measure 
makes just these conditions. The whole subject then 
sums itself into the following: No man can make the 
best of himself unless he knows and understands what 
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he himiself means. His life is not something apart by 
itself. It is a fragment of a whole, but a fragment 
that is itself bound to every part of the whole. If 
the life of the World is something different from the 
individual life then it matters not in the least what 
the individual does. His act cannot effect the final 
result. Such a world can be immoral with impunity, 
and can be the abode only of the fatalist. But if the 
acts of any one finite individual react in any way, 
for good or for evil ui>on the lives of his fellows, then 
it is vitally important that he should learn how to con- 
duct himself wisely, not only as regards his own life 
and interests but also with reference to the world at 
large. The basic feature of every education then 
ought to be a study of the principles which experience 
shows us underlying the structure of the conscious 
world. 

Discussion. 

Pbofessob Landbeth: This paper comprises a rare 
and almost new type in the literature of the promo- 
tion of engineering education. In the main and in 
the light of the striking but unfortunate over-speciali- 
zation into which many of our engineering schools 
have drifted, the recommendations of the writer are 
timely and in the right direction. They might with 
almost equal propriety be extended to other subjects 
than philosophy. 

Looked at from the standpoint of the needs of a 
learned profession of wide scope and still wider 
future possibilities, the engineering training given at 
present in many of our schools is clearly deficient in 
breadth of general culture and narrow even in tech- 
nical lines. Two causes are responsible for this re- 
sult: (1) The shortness of the course of study, being 
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rarely more than four years, and (2) the unwise effort 
to crowd into this time much training which is purely 
special in the futile effort to make efficient specialists 
without first preparing a broad foundation on which 
to build. Four years after high school is too short a 
time in which to complete the education of a man and 
the training of an engineer and the portion of time 
allotted to the engineering training is all needed for 
thorough foundation work in the fundamentals of the 
profession, and being too short at best for this impor- 
tant work should not be encroached upon for speciali- 
zation. The welfare of the engineering profession, 
and therefore of society which it serves, would be 
better subserved by turning out men of broader and 
deeper fundamental preparation in hoih general and 
technical directions, even though, at the time of grad- 
uation, they possessed less special training and were 
less immediately useful as assistants. The author 
makes a strong appeal for the study of philosophy 
for engineers, but his paper is more than this; in 
reality it is largely a plea for the study of the 
humanities in general. Many of the arguments ad- 
vanced would be equally strong in support of the im- 
portance of history, literature, aesthetics, sociology 
and economics, all of which are desirable if not essen- 
tial to the training which every well-educated engi- 
neer should acquire. The ''trade of living'' is not 
learned from philosophy alone. 

The recognition of the importance of this broader 
training in the engineer's preparation is a matter first 
to claim consideration and must precede any effort to 
provide for it. In the endeavor to provide for such 
broader training it does not appear desirable to in- 
crease the requirements for admission beyond those 
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now laid down for our best engineering schools, as 
these are already up to the limit of the average pre- 
paratory schools of high grade. Provision for such 
broader training appears feasible therefore only in 
two ways; either (1) by increasing the length of a 
course of study in engineering schools to five or six 
years; or (2) by reducing the amount of time now 
given to specialized study of narrow engineering 
topics. 

This problem has received considerable attention at 
Union College and a course of study is now under 
consideration which by extending over six years will 
include virtually all of the classical college course 
without Greek and all of the general engineering 
course without much specialization. The work of the 
two courses has been carefully correlated and the 
studies of both interwoven together throughout the 
six years in such manner as best develop the man 
and the engineer together. If finally adopted* this 
course will not replace the present four-year engi- 
neering courses, but will be alternative to them and 
young men who are able to devote six years to their 
general and professional education, which is not more 
than is now given for similar training in law, the- 
ology or medicine, will, it is believed, secure a much 
better assimilated training than if the engineering 
course were given after the completion of the college 
course. 

In such a course the study of philosophy and the 
humanities in general, selected and taught with spe- 
cial reference to the training of the citizen-engineer, 
finds adequate provision. 

Mb. B. Jones, Jb. : As I said in my paper, to live 

* Subsequent to the date of this disoussion, the above course was 
officially adopted by the faculty of the Union College Engineering School. 
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at all we must philosophize and guide ourselves by 
our philosophy. To make our philosophy for our own 
lives a true philosophy, we must be trained to think 
logically. But the life of each one of us is not a 
separate entity— it is a part of a fuller life that is 
inclusive of all life. The philosopher studies our 
individual lives as contrasted with this inclusive life, 
and so seeks to find the laws of conduct whidi should 
govern our activities. 

The question is then, how are we to give our stu- 
dents this perspective view of life. Are we to leave 
them to find their own rule-of -thumb ethics! Do you 
not realize that much of your dissatisfaction with 
your own life, that many of your own failures are due 
simply to the fact that you were never given any 
means to logically gage your purposes and so your 
deeds ? It is just such a gage as this that philosophy 
furnishes, and for this reason I believe that in any 
school of any kind philosophy should be made an in- 
tegral part of the curriculum. I do not refer to the 
cut and dried philosophy of the text-books. I mean 
the general philosophic attitude— to teach engineer- 
ing not as merely a recurrent application of certain 
empirical rules of experience, but as a means of em- 
bodying our purposes, and a critical examination of 
these purposes— how they arise, what influences 
mould them, and so, whether they are good or evil. 

We should begin then very early with the training 
of the young mind in the path of reason. The stu- 
dent should receive a very careful training in the 
analysis of first principles and their relations to 
thoughts and ideas— as the modem child is taught 
arithmetic— not by a mere sing-song recurrent rote, 
but by first seeing that the expression of the self 
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takes the general form of the well-ordered series and 
that the fundamental category of the hmnan mind is 
the category of order. 

I have spoken of the philosophic attitude in teach- 
ing. Let me illustrate what I mean. Numbers of 
the older graduates from Sibley College have told me 
that one most valuable part of their course was the 
course of lectures on geodesy delivered by the la- 
mented Professor Puertes and this was so not because 
the lectures of Professor Fuertes dealt ably with the 
subject of geodesy. They were usually not lectures 
on geodesy at all. They were talks on the philosophy 
of Uving. 

I am not a professional teacher, and I do not know 
what is the best way to give the student this philo- 
sophic training. I only feel its lack, not only in my 
own case, but also in the case of the great majority 
of technical graduates with whom I have had oppor- 
tunity to talk. I believe that the student should be 
taught something of the nature of the principal tool 
he has to use— namely his mind. Psychology and 
logic are as important to the engineer as physics and 
mathematics. 

Pbofessob Waldo : How many good engineers would 
have been spoiled by waiting for them to get their 
A.B. degrees before entering upon their technical 
training! 

Me. B. Jones, Jr.: I do not believe that we would 
spoil any good engineers, but we would prevent a 
good many bad ones from getting into practice. 

Pbofessob Caldwell: I am a great believer in the 
general training of an engineer and think that there 
is much to be looked for in this combination of the 
arts course with engineering. We must have special- 
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ists, but, especially where there is no essential reason 
for hurrying a man through, it is always wise to 
broaden out, and to get more than a strictly technical 
training. It seems to me that the combining of the 
courses, as is often done with law schools, can be very 
well extended to the engineering colleges. We have, 
however, one difficult problem to deal with, namely, 
the bringing of the students to appreciate this point 
of view. I remember that four years ago one of our 
engineering professors was very much pleased to 
have persuaded a promising young man to start in 
the arts course with the expectation of later taking 
one of the engineering courses. I was, therefore, 
interested to learn recently that this student, having 
finished his arts course, was now going immediately 
into practical work. 

Professor Marvin: This leads to a rather funda- 
mental thing, and I think that what has been said 
would be applicable to much of the work that has been 
done in our colleges as well as to work in the technical 
schools. It is a matter of more specialists, and I 
have come into contact with plenty of people in sym- 
pathy with it. Now it seems to me that we must take 
conditions just as we find them. It is well enough 
to think of the ideal I man, but those of us who are 
connected with state institutions know that we must 
take the material that comes to us as graduates of 
high schools and train it, as best we know how, in 
order that we may get the best results; so that it is 
a matter of more education for the great majority 
rather than an education for gifted people. I think 
that we ought to have means for doing this, but we 
cannot do that and gain the most. Now I think that 
there are some things that can be done in a school 
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with a four year's teclmical course wiUiout the neces- 
sity of putting in courses in philosophy. I perfectly 
well agree with the suggestion that has been made 
that the personality of the teacher has more to do 
with a student's outlook on life, more to do with 'his 
breadth of view, than anything else. I know one 
man, an experienced teacher, who will stop a recita- 
tion suddenly, without premeditation, however, in the 
resistance of materials for example, and go off into 
a discussion of ethics, matters of taste or other desir- 
able things that a man should know about, which are 
not found in a scheme of study, but which have much 
to do with a young man's outlook on his future life. 
The digression is stimulating to the men and its spon- 
taneity gives it force and effect. It even stimulates 
effort along technical lines. 

Mr. B. Jones, Jr.: I cannot agree with one of the 
speakers that the processes of evolution are continu- 
ous after the nature of the continuity of a straight 
line. Evolution is tiie name for the general type of 
change processes that we find common to both organic 
and inorganic worlds. These processes are always 
cyclic changes having a very general recurrent form. 
There is development to a certain critical point after 
which there is a general re-arrangement of the factors 
involved followed by a further change often in a very 
different direction. Such critical points we meet in 
the melting point of ice and the boiling point of 
water; in the sudden rearrangement of the corpuscles 
in the atom as developed in recent experiments on tiie 
nature of matter and as illustrated by Professor May- 
er's experiments with floating magnets; in birth and 
death; and in Professor de Vries' experiments on 
mutation in plants; Darwin's own work on evolution 
furnishing another point in question. 
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I am not prepared to say that we have arrived at 
such a critical point in the development of educational 
systems, but I certainly think that the relatively sud- 
den and deep interest that has been recently shown 
in the subject points to the near approadi of such a 
point. 



THE JUSTIFICATION OF THE USE OF THE 

EXPRESSION '' ENGINEERING 

MATHEMATICS." 

BY ARTHUR K HAYNES, 
Professor of Engineering Mathematics, University of Minnesota. 

I am constrained to write briefly on the above topic 
because, so far as I am aware, the expression ** Engi- 
neering Mathematics ' ' originated in the University 
of Minnesota in January, 1901, when the writer, with 
the approval of the president of the nniversity^ 
changed the name of the professorship he occupied 
from ihe professorship of mathematics in the college 
of engineering to the professorship of engineering 
mathematics. 

The reasons for the use of this name are at least 
three. 

First: Because of the main object of the study of 
mathematics in an engineering course. In a purely 
disciplinary or academic course, the objects of the 
study are, first, mental discipline and, second, its 
practical use. In a professional course, such as engi- 
neering, these two objects are reversed in relative 
importance, and the primary object in such a course 
is to so master the subject as to be able to make a 
correct and intelligent use of its principles and for- 
mulas in practice. In other words, these principles 
and formulas are to be used as ** tools'** by which, 
like as the student uses a plane or any other tool of 
the shop, he may secure desired results. 

* I think that this expression was first used in this uniyersity. See 
Proceedings of the Society for the Promotion of Engineering Education, 
Vol. VIII., pp. 30&-310. [This is questioned.— W. T. M.] 
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Incidentally, in mastering the logic involved, the 
student gets excellent mental discipline, but there is 
added to this a still greater discipline and a com- 
mendable inspiration in applying his knowledge so as 
to get direct practical results. 

There is, to be sure, some valuable discipline in so 
studying a jack plane as to understand its construc- 
tion completely, but one can do all this without being 
able to properly plane, a board. 

Just so one may, for instance, ' be able to develop 
a mathematical principle or formula without being 
able to use it intelligently in securing results. 

Anotiier example is ventured for illustration; in 
physics, where the members of the class are simply 
studying for the knowledge alone, and not for the 
object of applying such knowledge, they may com- 
pletely understand the philosophy, for instance, of 
the sextant, and yet be perfectly helpless when re- 
quired to find the angular distance between two ob- 
jects by means of its use. 

In fact, in the study of mathematics of an engineer- 
ing course, the student must constantly challenge 
principles and formulas with the question what use 
has this in practical application to my chosen pro- 
fession. In truth, three questions are constantly 
pressing upon both the student of engineering and the 
professional engineer for positive and definite an- 
swers; they are: What do I want! Do I know how to 
secure it! Do I know how to use it intelligently and 
correctly! 

Suppose, for example, he finds it necessary to solve 
a problem in trigonometry, he may have to answer 
these questions repeatedly, as in determining the 
proper formulas, and in correctly selecting and apply- 
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ing them; again, in the same problem, the determin- 
ing whether to use natural or logarithmic functions 
and the proper selection and correct use of them. 
And thus it comes about, in the study of mathematics 
for engineering purposes, that the main object sought 
fixes or shapes the method of study. But this leads 
naturally to another reason for the justification of the 
expression and tiiat is: 

Second : Because such an object requires a different 
kind of teaching. Some one has recently said: **In 
almost every branch of instruction there is a gap be- 
tween theory and practice, between principle and 
application. In nothing is this more manifest than 
in the teaching of mathematics.'* 

As has been already indicated, one may, by master- 
ing a mathematical principle, secure valuable mental 
discipline; but if the teacher makes this the primary 
or chief object, he will not teach the subject with the 
success that he would have, by having constantly be- 
fore him the thought that skill in the intelligent use 
of mathematics in practice is the main end to be 
attained. 

And so the question may here be legitimately asked, 
will the teacher untrained in engineering practice or 
not educated as an engineer, be as likely to succeed 
in such teaching as one who is so trained or educated? 
I think this question must be, in general, answered 
in the negative. 

Such teaching requires, on the part of the teacher, 
that he be able to intelligently direct the student in 
his study, that he have the ability and good judgment 
to select problems that shall wisely lead the student 
to a correct and practical application of his knowl- 
edge, and above all, that he possess the power of con- 
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stantly inspiring the pupil by high ideals of work and 
of life. 

But if the object sought shapes both the method 
of study and of the teaching of the subject, it leads 
directly and logically to still another reason for the 
justification of the expression, and so we have: 

Third: Because the content or extent of the field 
covered is different. For example, long and abstruse 
discussions of principles and formulas are omitted, 
the object of which is mostly mental discipline and 
which have little or no direct practical value, while 
subjects not found in former treatises are added. A 
good illustration of this is seen in introducing the 
philosophy and use of the slide rule after the theory 
and use of ordinary logarithms have been properly 
considered. The student is thus led to the intelli- 
gent comprehension and use of one of the most valu- 
able aids in modem engineering practice. 

Again, after a study of the theory of ordinary in- 
tegration, the study and use of the polar planimeter, 
or mechanical integrator, adds great interest and 
value to the student's work. 

In conclusion, it may be said that, in consequence 
of the three reasons given in this paper for the justi- 
fication of the term * * engineering mathematics, * * great 
and valuable changes have been made during the last 
decade in mathematical text-books for engineering 
students, and we may ultimately expect nothing fur- 
ther to be desired in such works.* 

Discussion. 

Mb. B. Jones, Jb. : A great part of the trouble with 
our present methods of teaching mathematics lies in 

*I think the use of the terms Engineering Drawing, Engineering 
Physiea, etc., is equally justifiable. — ^A. E. H. 
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the way the subject is approached. I can never for- 
get a remark once made by Professor Charles R. 
Cross to the effect that mathematics was nothing but 
common sense in shorthand. So it is. History will 
teach us that mathematics has been developed, not as 
an end in itself, but as a means to an end, namely to 
compress long exact arguments within such a scope 
that they can be readily grasped all at once within 
the time-span of the reader. The same end is at- 
tained in good writing where the author clearly states 
in one short sentence what the ordmary man could 
hardly express in half a page. The meaning of the 
sentence or of the formula is thus brought within the 
span of an instant of time and both its first and last 
word or sign are grasped at once. 

We find mathematics primarily used to express 
briefly those factors in a process that are observed 
to remain constant throughout that process. A for- 
mula thus expresses the form of the invariants of a 
series of related facts. Hence, logically, the observa- 
tion of the facts should come first and the formula 
follows. Two oppositely charged spheres do not fol- 
low the law of inverse squares. The law of inverse 
squares describes for the purpose at hand the beha- 
vior of the two oppositely charged spheres. Physics 
is to be taught not as a series of cases of the validity 
of certain formulas, but the formulas are to be found 
as adequately describing the conduct of nature. 

Professor A. N. Talbot: I have always been in 
favor of making a generous use of applications to 
engineering in teaching mathematics, not so much for 
the skill and facility in making applications which the 
student may acquire in this way, but because such 
applications for most students form a good means of 
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giving a clear conception of mathematical ideas and 
processes which might otherwise be very hazy. The 
applications give life and meaning to seemingly ab- 
stmse mathematical statements. And yet in late 
years it has seemed to me that there is a tendency 
in this country to carry this to an extreme and for 
the student merely to learn how to apply rules or 
formulas which he assumes have already been estab- 
lished. Formal demonstrations and the pMlosoiJiy 
of the work are likely to be disregarded. As the 
pendulum swings toward the practical side, it must 
not be forgotten that sound logic, formal demonstra- 
tion, and mathematical form of statement are essen- 
tial features in the solution of engineering problems 
and that the development which goes with a training 
along these lines should form an important element 
in the education of the engineering student. 

Pbofessob C. M. Woodward: I have always rather 
regretted the attempt to limit the range of mathe- 
matical study even in an engineering school. One 
never knows when mathematics will be of use. I be- 
lieve that a comprehension of the meaning of mathe- 
matics is one of the fruits of good mathematical 
training. I think I stated that a certain college presi- 
dent regretted that mathematics was found so useful. 
He said that mathematics has been found so useful 
that its educational value has been greatly hampered. 
Now I thought that superb nonsense. I believe that 
the mastery of a subject is what makes it valuable and 
it cannot be thoroughly learned until you have seen 
that you are the master of it. And so I like to see 
the best kind of mathematics of service to the world 
at large. 

Pbofessoe Waido: Nothing can prevent the deduc- 
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tion of new terms. I should like to have in this papei 
a statement of how the term engineering mathematics 
comes. I do not know what engineering mathematics 
is and I do not see any difference between one kind 
of mathematics and other kind of mathematics. 

Pbofessob Henby T. Eddy : I think that some of the 
great scope of mathematics has been directly sug- 
gested and stimulated by its applications. It is not 
unfair in our educational system that mathematics be 
connected with the reality. As all knowledge is essen- 
tially experience, and as everything new is that sug- 
gested to us by our own experience, or that of the 
race, I think that there is no real difference between 
pure mathematics and applied mathematics, although 
this distinction is frequently drawn. I love pure 
mathematics, but I think I love applied mathematics 
better. 

Peofessor Tyleb: I agree with Professor Eddy. 
While the term engineering is based on a good under- 
lying idea, namely, mathematics, the adaptation of 
mathematical instruction to engineering uses, there is 
no more real reason for ** engineering mathematics" 
as a distinct subject or title than for ** engineering 
physics" or ** engineering chemistry." The univer- 
sity president who Professor Woodward tells us de- 
plored the increasing applications of mathematics 
was, I think, far from representing the attitude of 
our present day mathematicians. The use of such a 
title as ** engineering mathematics" seems to me cal- 
culated to promote an unfortunate tendency which 
would leave the pure mathematics to the mathemati- 
cians and leave the applied mathematics to the engi- 
neers. The increasing utilization of mathematics is 
in this country the great hope of the science for the 
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future, and should be welcomed by the mathemati- 
cians most cordially. 

Pbofessob Waldo: I think that possibly the idea 
which the author had in mind when he made the dis- 
tinction between pure mathematics and engineering 
mathematics was that the latter is more thoroughly 
understood. If we investigate mathematical condi- 
tions prevailing in our institutions at about the seven- 
ties, we will discover that mathematics was the bug- 
bear of the collegian to be memorized for the exam- 
ination and forgotten as quickly as possible. Engi- 
neering schools have greatly changed these conditions. 
The person who does not wish to pursue a mathemat- 
ical course takes what the academy requires of him 
and stops, but the person who is going to apply his 
mathematics seeks more in an inteUigent way and in 
the end has something to show for his work. Of 
course in all of our institutions there will be a saving 
remnant who love mathematics and pursue it for its 
own sake, but their number is small ; but all our great 
body of trained engineers must know and use a mod- 
erate amount *of higher mathematics as a tool with 
which to serve mankind. It is their useful work that 
has rescued the pure mathematician from the derision 
of his fellows. 

Pbofessob Swain: I wish to emphasize one point 
which seems to me open to criticism, and that is the 
idea that there should be a different kind of teaching 
of mathematics in an engineering school from that 
which is suitable in colleges. It seems to me that 
there is only one way to teach mathematics. The 
main object of all teaching is to give the student some 
power of thought, some power to do something which 
he could not do before. I, therefore, think that there 
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is just one way to teach mathematics^ and that is the 
way that we try to teach it to engineering students 
so that they will be able to use it when they have 
learned it. Unfortunately^ much teaching is not of 
that kind and gives no power. I do not agree with 
the idea that mathematics taught for general cnltare, 
so-called, should be taught any differently from teach- 
ing it with the use of it in view, and I hope that the 
idea of teaching mathematics, or anything else, for 
that matter, with its applications in view will come 
into use more and more. I think that the teacher of 
mathematics who has been trained as an engineer, or 
in some branch of applied science, so that he knows 
the uses of the tools he is teaching, will have a great 
advantage as a teacher, and achieve much better re- 
sults than a man who, though he may be a fine mathe- 
matician, is an abstract one. 

Mb. B. Jones, Jb.: During the last four or five 
years a course of lectures to journeyman electrical 
workers and operating steam engineers has been 
given at the New York Trade School. These lectures 
were primarily for men engaged in handling and 
erecting steam and electrical apparatus and who were 
anxious to better themselves. The fundamental idea 
at the basis of the course was to teach these men to 
think. 

Generally the men who attended were bright and 
able. They only required to be showed **how,^^ but 
like most men of their class they had an inordinate 
dread of theory and of mathematics. This was over- 
come very simply by showing by means of experi- 
ments that theory and formulas are no more than 
descriptions of fundamental physical facts. Thus the 
law of the magnetic circuit was taught by means of 
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a coil of wire and a magnet, writing down on the 
blackboard a description of the experiment as it was 
performed. Then this description was simplified 
successively by representing certain whole sentences 
by letters, and eventually the proper formula replaced 
the entire writing. Thus the men learned that mathe- 
matics was a shorthand expression for a description 
of what they had observed in the experiment. That 
this system of teaching mathematics was effective was 
shown by the readiness with which problems requir- 
ing some little original thinking were worked out 

The method was, of course, not original with these 
lectures, as it is merely an extension of the modem 
method of teaching arithmetic and the elementary 
mathematics employed in our common schools. 

While I am on the subject let me recount to you a 
story about one of the men attending this course. He 
is an assistant engineer in the works of the American 
Glucose Co. As I remember, his age is twenty-five. 
It was noticed that he always carried books about 
with him, and one day the instructor who had become 
greatly interested in the man's cleverness and bright 
questions, asked him what he was reading. It was a 
history of philosophy. The student stated that he 
had studied philosophy, logic, and psychology since 
he was eighteen years old, because, he said, *4t gives 
one such an insight into things, makes one satisfied to 
live the best one can, and teaches me that the things 
worth doing are the things that can never be fully 
accomplished in this life.'' 

He is indeed a man to be envied. 

P&oFESsoB C. F. Allen : I wish to say a word with 
reference to the statement that the engineering col- 
lege is first an educational institution and second a 
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trade school. I object to the idea that is conveyed 
to my mind by that statement and I would say that 
I believe the college is a distinctly educational insti- 
tution. To my notion what the engineering college 
stands for is that theory cannot be properly taught 
except in connection with its applications. And it is 
from that standpoint almost exclusively, it seems to 
me, that the practical work of the engineering college 
is justified. 

Pbofessor Nobris: My idea is that a technical 
school is properly an educational institution. Of 
course we have to devote more or less time to trade- 
school work, but our students come to learn a pro- 
fession and not a trade. Teachers of engineering 
believe that we should, in teaching tedinology, have 
its educational value prominently before us. 

Pbofessob F. B. Wiluams : I think Professor Swain 
is correct and that we ought to begin early in mathe- 
matics and take time to teach it. There is danger in 
introducing the **rule of thumb,'* before men get out 
of college. They can learn these short methods after 
graduation. We should insist upon the students 
working things out logically with a clear understand- 
ing of the principles used, for they are too apt to try 
first one way and then another just to get the answer 
to a problem. The idea of ** engineering mathemat- 
ics'' is a good one, but it involves a thorough teach- 
ing of mathematics. The teacher should have a 
thorough mathematical training and a thorough engi- 
neering training; and then when the theory is taken 
up and developed, he will be able to make a practical 
application of it. 

Pbofessob Gkajstdaisl: In support of the idea that 
it is not necessary for the teacher of mathematics to 
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have an engineering training, I wonld say that one of 
the very best teachers of mathematios to engineers 
that I know of is a man whose education was aca- 
demic, and his degree was that of bachelor of arts. 

Pbofessoe C. F. Allek: It seems to me that that 
paper proceeds on the assumption that our engineer- 
ing colleges graduate engineers. I think that most 
of us believe that we graduate young men who have 
a good foundation for becoming engineers. To my 
mind, the paper proceeds on the basis that the engi- 
neering college does graduate essentially engineers, 
a thing which I do not believe in at all and I think 
most of us do not believe in. 



REPORT OF THE COMMITTEE ON INDUSTRIAL 

EDUCATION, 

BY CALVIN M. WOODWARD, 

Ohainuan of the Committee. 

The Committee on Industrial Education has no 
formal report to present at this time, but expects to 
make a formal report at the next meeting of the 
society. There is a very general discussion now 
going on in educational and industrial circles in re- 
gard to the establishment and operation of trade 
schools. A committee, of which the Hon. Carroll D. 
Wright was chairman, met during the summer of 
1905 and discussed the whole question of industrial 
education in its relation to the mechanical trades. 
Although the committee met in Massachusetts, the 
discussion is not confined to New England, but has 
spread to the west Your committee will have some- 
thing to say about the matter at the next meeting of 
the society. 

Discussion. 

Pbofessob Swain: I should like to ask Professor 
Woodward for some information with reference to 
the work of the committee. It was my understanding 
that further work of the committee was postponed in 
order to await the publication of a report by the 
United States Commissioner of Education, giving the 
results of an investigation then in progress. I should 
like to inquire if that report has been completed or 
published, as it has not come to my attention. 

Pbopbssor Woodwabd: By arrangement with the 
association, three addresses were presented. Our 
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committee intends to present a report as soon as it 
has something good and new, bnt we do not care to 
publish just a few statistics. We desire to outline a 
scheme for the industrial education which is based on 
manual or elementary technical education. That is 
what we hope to present at the next meeting. 

Peofessob Tyleb : It may be of interest to the mem- 
bers of the society to know that the report of the 
recent Massachusetts Commission on Industrial Edu- 
cation, of which President Carroll D. Wright was 
chairman, deals very thoroughly with conditions in 
Massachusetts. The legislature has since taken steps 
in accordance with the recommendations of this re- 
port toward the working out of a comprehensive plan 
for industrial education. 

Pbofessob Waldo: Professor Thurston ^s last paper 
was published in our proceedings after his decease 
and related to different kinds of education. A care- 
ful reading of it would show that Professor Thurston 
was not entirely in harmony with some of the notions 
presented early in this session. 



THE DUAL DEGREE FOR ENGINEERING 

COURSES. 

BY PAUL C. NUGENT, 
Professor of Civil Engineering, STracuse Universitj. 

The College of Liberal Arts of Syracuse University 
graduates its best students according to their class 
standing during the four years of the college course, 
* ^cum laude, * ' * ^ magna cum laude ' * and ' * summa cum 
laude.'* Since the organization of the L. C. Smith 
College of Applied Science, its faculty has followed, 
in this matter, the example of the College of Liberal 
Arts. Lately, however, there has been some discus- 
sion as to the desirability of this plan when the stu- 
dents in question have pursued engineering courses. 
A committee having been appointed to investigate the 
matter, it was decided to correspond with a number 
of prominent engineering schools located in the same 
general section of the country, and to ascertain their 
customs and opinions on this subject. 

A number of letters were thus received; and, while 
only one pronounced very strongly against the honor 
system, most of the schools have not adopted it, and 
the general trend of opinion seemed opposed to the 
plan. 

The purpose of this ** graduation with honors'' is 
twofold; first to reward merit, and, second, to stimu- 
late the student to more strenuous efforts to gain high 
standing in his class, and thus result in graduating a 
better class of men. Li a measure it fulfills the first 
of these purposes. It is a satisfaction, and a justly 
deserved one, for the good student to have his work 
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publicly recognized. It may be questioned, however, 
whether the second purpose is accomplished at all. 
For the honor men will almost always be those who, 
in the absence of the honor system, would still stand 
at the top of their classes. There are too many stu- 
dents, both in engineering and elsewhere, who are 
perfectly contented to graduate, and to these men the 
obtaining of honors, even if possible, offers very little 
incentive to more extensive and laborious effort. 
What can be done then during the college course to 
obtain better work, not from the best, but from the 
worst of our graduates. It may, of course, be as- 
sumed that all students absolutely unfitted to pursue 
a course in engineering have been dropped from the 
college rolls early in the course. Now there are in 
vogue in the schools of this country two systems of 
granting degrees in engineering work. Under the 
first system, on the satisfactory conclusion of the 
course, the student is granted the full engineering 
degree and may sign himself C.E., M.E., E.E., etc., 
as the case may be. Under the second system, the 
degree granted is that of Bachelor of Science in Engi- 
neering. The full engineering degree is given on the 
completion of say a year of post-graduate work, or 
perhaps two or three years of practical work and the 
presentation of a thesis. 

This makes practically three systems. As among 
these three, the writer is strongly in favor of the first 
and very strongly opposed to the last. It is intended 
to suggest a fourth and entirely different plan. The 
advocates of the third system claim that the average 
graduate is not fitted to be called aa engineer. The 
same objection applies to the granting of the M.D. 
degree on the completion of the medical course, or if 
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it does not, it is because the medical teachers and 
courses are superior to those found in engineering 
schools, which we are entirely unwilling to admit. 
There is no reason why engineering cannot be taught 
just as practically and just as professionally as is 
medicine. 

The objections to the third system are first, that it 
amounts practically to making the whole question a 
matter of quantity instead of quality. What we need 
is not to have our students learn more things but to 
learn things more. Compare for instance the cases 
of a graduate of high standing who for some reason 
does not follow the profession of engineering for the 
first few years after graduation and of his classmate 
who having barely graduated goes out, runs levels for 
three years, writes some sort of a thesis, and gets his 
full degree. In the second place, by what right can 
a school grant a degree for work done outside of its 
own supervision? How can it determine just what 
the kind and quality and amount of this work have 
been? In one case, the candidate may have done a 
large amount of high class work, and in another prac- 
tically only routine duties. In the third place, con- 
sidering the cases of two graduates, force of circum- 
stances may throw work in the way of one while it 
deprives the other for a considerably longer time of 
the practical work demanded for the full degree. In 
these days of ^'graff and *'pull,'' the school should 
be one place where as far as may be possible the same 
opportunity is open to every man and where recogni- 
tion follows merit just as sure as merit exists. If we 
think it best, before granting the full degree let us 
hold our students to one or more post-graduate years. 
But let that degree be given as the reward of work. 
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open as far as possible to everyone, and done under 
the direct supervision of the schooPs officers of in- 
struction. 

The second plan has its origin in the same idea as 
has the third. Here we have again quantity vs. qual- 
ity. The four years of the usual course are full 
enough in all conscience, but they are long enough to 
determine pretty thoroughly the stuff that is in a 
man. The student who has not in four years assim- 
ilated enough facts and learned to think and reason 
clearly enough to deserve the full degree, will not, in 
all probability, become so qualified at the end of an- 
other year. The average engineering course covers 
the ground pretty thoroughly in four years, and post- 
graduate work will probably consist mostly of special 
investigations. As far as the schools have anything 
to do with it, a man is an engineer when he has suffi- 
cient mental ability and sufficient familiarity with the 
theory and facts of his profession to practice it with 
a reasonable degree of intelligence and ease. Four 
years is long enough to accomplish this result. It is 
possible that the graduation, in the past, of a certain 
percentage of weak men has had its effect in inducing 
some schools to defer the full degree. These schools 
would possibly be willing to confer the full degree at 
once were their worst graduates of equal rank with 
their best. 

The consideration of these facts has suggested to 
the writer a fourth plan. At the end of the regular 
four- or three-year course, let two degrees be granted; 
the B.S. being given to those who have passed in all 
required subjects but have failed to attain a certain 
set grade. This grade to take into account (in the 
case of four-year courses) all the work of the last 
three years. The required percentage, while reason- 
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ably high, should not be as high as that demanded 
for what is now known, particularly in Liberal Arts 
courses, as graduation with honor. This plan places 
the engineering degree where it should be— on a 
higher plane than that occupied by the baccalaureate. 
This is recognized by the schools which now consider 
the full degree as post-graduate. 

The general details would have to be worked out, 
but it is believed by the writer that no other plan 
would so stimulate the activity of the lower half of 
a class. Many an engineering student who would not 
give a thought to graduating with honors would re- 
double his efforts when it came to the case of gradu- 
ating as an engineer. This would especially be the 
case were the plan adopted among engineering schools 
generally. Another result would be that almost every 
engineering graduate would be a man to whom his 
school could point with confidence and pride. It 
might perhaps be desirable to hold the way open for 
the B.S. men to return for a year to obtain the full 
degree. But in such cases the dominant thought 
should be that of quality. The post-graduate work 
should deal not so much with the teaching of new 
things as with the better and more thorough teach- 
ing of the old. It should aim to produce, i^ possible, 
better reasoning powers and general ability in the 
student, and, failing that, the full degree should never 
be granted. 

The writer does not know whether these ideas would 
be entirely satisfactory in practice, but is inclined to 
believe, on the whole, that they would. They are 
offered for the consideration of the society in the 
hope that a discussion will be had, which, whether or 
not favorable to this plan, will be of value to the 
cause of engineering education. 



THE IMPROVEMENT OP THE PRESHMAN YEAR 
OP MATHEMATICAL INSTRUCTION IN 
TECHNICAL SCHOOLS. 

BY (MAS. 8. SIiIGHT£B» 

Professor of Applied Mathematics, University of Wisconsin, and 
Consulting Engineer, U. S. Reclamation Service. 

I shall consider this subject very briefly in two 
parts: first, the course of study; second, the instruc- 
tional force. 

I. Reform of the Freshman Course m Mathematics. 
—It is no mere accident that the movement for re- 
form in elementary instruction in mathematics was 
coincident with the recent period of phenomenal 
growth in technical education in this country. The 
enormous expansion of the technical schools has ex- 
erted its influence in more than one way upon the 
development of pure science. It is no secret that the 
pick of our bright youth in this country has gone into 
technical courses of study during recent years to the 
detriment of other lines of intellectual work. Many 
of these men would have taken courses in pure science 
under conditions existing twenty years ago. The 
prosperous years for applied science have therefore 
not been contemporaneous with years of equal pros- 
perity in pure science. Not only has the number of 
students of pure sciences remained nearly stationary, 
but the complaint is very general that the caliber of 
the men has materially fallen off. The brightest and 
most ambitious of our youth have been attracted to 
technical courses, and, to a less degree, to courses in 
history and economics, but not to the natural sciences. 
These facts, I am confident, account for the very gen- 
us 
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eral conversion of the teachers of mathematics in onr 
higher institutions to the belief that the elementary 
instruction should be thoroughly improved and en- 
riched. The great vigor with which the Perry move- 
ment has been pushed in England during these same 
years has made it easy to get aid and comfort for the 
American campaign, and to profit in many other 
directions of advance. It is significant that those in 
charge of the mathematical work in onr technical 
schools have, as a class, been somewhat conservative 
in their attitude toward the new movement. They 
are too vitally interested in a strong and scientifically 
developed X50urse. of preparatory mathematics to de- 
sire to risk much by revolutionary changes, and they 
no doubt fear that the new movement has some danger 
of running wild as an educational fad, to the real 
detriment of proper foundational work in secondary 
mathematics. This country has little to learn, except 
by way of bad example, from technical instruction in 
Great Britain. -It is probably a fact that real reform 
in secondary instruction in mathematics in this coun- 
try had more to avoid than to simulate in the Perry 
movement. 

Fortunately there is every indication that the 
changes that are being made in mathematical instruc- 
tion in the American secondary schools are being 
planned with care and good judgment. The introduc- 
tion of graphical methods and of mathematical work 
of a practical sort is becoming very general and in 
most instances is not being carried to extremes. 
^ The reform movement has not been confined to the 
secondary schools. Some technical schools have made 
radical changes in the mathematical work of the col- 
lege course. Those who have worked out the matter 
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independently have arrived at very similar results. 
The changes consist for the most part of modifications 
that naturally follow from the movement in the sec- 
ondary schools. The tendency is to blot out entirely 
the present lines of distinction between algebra, trig- 
onometry and analytic geometry. These changes 
have involved, not only the early and constant use 
of graphical methods, and abundant use of numerical 
data, but have also included the early consideration 
and application of vector analysis^ and a study of the 
Wory of nomographs and similar subjects. 

My own experience with the modified courses has 
been very encouraging. I have been delighted with 
the success of the students and of the instructors with 
every change that has been attempted. In fact the 
encouragement has been so great that I am convinced 
that the time is ripe for very extensive and radical 
modification of our first year's work in technical 
mathematics. I have had an opportunity to discuss 
this matter with the heads of mathematical depart- 
ments in several of our technical schools and I have 
foimd general accord with the reform and little dif- 
ference of opinion concerning the general character 
of the changes that should be made. There will be 
a great advantage if the changes in the courses can 
take place in a large number of institutions at the 
same time. For a number of years I have introduced 
a large amount of geometrical work in the course in 
higher algebra. In doing this I have tried to avoid 
what seems to me to be the greatest danger in this 
work, namely, the danger of falling into merely rou- 
tine graphical work rather than work that is thor- 
oughly scientific and that calls out at every point all 
that is in the student. I hand you herewith some 
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samples of cross section paper which we had printed 
in order to aid in bringing out the possibilities of snch 
work. The examples given on the cover page are 
merely suggestions of the work that the students do. 
We find it very easy to give the student a very thor- 
ough insight into the properties of the common func- 
tions by the use of this paper. The various plates 
are drawn to scale to fit an ordinary 10-inch C. E. 
rule, and the bond paper upon which the plates are 
printed permits many interesting combinations by 
superposing sheets before blueprinting. 

I have been slow to break down completely the bar- 
riers between algebra, trigonometry, and analytic 
geometry, largely because of the difficulties that arise 
in adjusting the courses of the migrants that come to 
us from small colleges and other institutions. This 
difficulty would be partially met if the. reform were 
taken up in a number of institutions at about the same 
time. Independent of the action of other institutions, 
we have reached the point at the University of Wis- 
consin where we shall entirely break down the barri- 
ers between the courses in higher algebra, trigonom- 
etry and analytic geometry. We shall convert these 
into a single course in analysis, with the various topics 
introduced at the proper and logical time and inde- 
pendent of the traditional order in which they now 
appear in the separate texts. (Our most treasonable 
act is the deposing of the conic sections, which have 
been the reigning family for so many years, from their 
exalted place in our course of study. This gives an 
opportunity for the more abundant enrichment of the 
course and a better comprehension of those things 
which the student of applied science needs. Such a 
course not only conforms more nearly to the actual 
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needs of the student, but it even has the advantage of 
being more logical and scientific than our old courses. 
As a matter of fact all that the engineering student 
learns in his usual course in mathematics is a simple 
comprehension of the properties of the algebraic func- 
tion and of the circular and exponential functions of 
the real variable. Indeed we might define the work 
of the engineering student, during his two years of 
mathematics, as the study of the exponential func- 
tions of the real variable. Indeed we might define 
the work of the engineering student, during his two 
years of mathematics, as the study of the exponential 
and circular functions: in his first year he considers 
these functions in ordinary calculus; in his second 
year he considers them in infinitesimal calculus. He 
never gets beyond these elementary ftinctions. The 
modification of the freshman course that we propose 
recognizes the logical unity of the material of study 
and is in fact more scientific than the system at pres- 

i ent in vogue. 

^ The danger in the new program lies in the possi- 
bility that the new work will be less strenuous and 
less scientifically complete than the usual courses in 
analysis. This can only be avoided by watchfulness 
on the part of those who plan the courses and by 
assistance and criticism of results on the part of the 
engineering departments that depend upon good 
mathematical preparation for their students. 

II. Instructional Force.— When we come to consider 
the make-up of the instructional force we find the very 
greatest difference of opinion among those that are 
interested in the subject. Personally I hold to the 
opinion, which has been so well expressed in recent 
editorials in the Enginbebing News, that the instruc- 
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tional force teaching the mathematics to engineering 
students should be made up of men tiiat have l^em- 
selves taken a technical course. However, when we 
come to apply this principle under existing circum- 
stances, we find the greatest difficulty in its practical 
application. In order to be competent to carry on 
instructional work of this kind, an engineering gradu- 
ate should have had at least three years of graduate 
work in mathematics. Under existing conditions the 
graduates of technical schools are unwilling to give 
this amount of time to their preparation for instruc- 
tional work. In fact, it is exceedingly difficult to 
attract any of the graduates of the technical sdiools 
to instructional work of any kind. The opportunities 
for a successful career in technical work have been 
so great that the appeal is almost entirely to the pro- 
fessional ambition of the young man. On this account 
it seems hopeless to secure technical graduates as in- 
structors who have made adequate preparation in 
mathematics. 

I have myself experimented to some extent with 
engineering graduates as instructors in maihematics, 
and I think I can say that the best work of teaching 
that I have ever had done has been by graduates of 
an engineering course. These men had very little 
preparation beyond the regular work of their course 
in engineering, but they were especially selected on 
account of their all around ability and their interest 
in scientific subjects. I find, however, that it is no 
easy matter to retain such men on the instructional 
force. As soon as good professional opportunities 
open before them, they feel obliged to accept them, 
and imder present conditions instructors who have 
taken the engineering course prove decidedly imsatis- 



152 IMPBOVEMBNT IN MATHEMATICAL INSTRUCTION. 

factory on account of the temporary tenure of their 
office. 

When we come to consider candidates for instruc- 
tional work from the other class of students, namelv, 
those who have made a specialty of the course in pure 
mathematics, and have taken their master's and doc- 
tor's degree, we find almost equally unsatisfactory 
conditions. In the first place there is a great dearth 
of active men in the graduate schools of mathematics 
at our large universities. Even those that take their 
major work in mathematics too generally neglect ad- 
vanced laboratory work in physics, chemistry and 
other sciences, which should form an essential part 
of their work if they expect to prepare themselves 
to do adequate work as instructors in technical 
schools. 

I had hoped that these conditions would show some 
change in the near future, so that we could attract a 
reasonable number of engineering graduates to ad- 
vanced work in mathematics and later provide them 
with places as instructors in the technical schools. In 
order to aid in securing men of this kind I believe it 
would be a great advantage if the men who give in- 
struction in mathematics could be given some work in 
the more technical part of the undergraduate course. 
I see no reason why a combination of this sort is not 
practicable. If an instructor, for example, could give 
two thirds of his time to the work in mathematics and 
the remainder to work in the hydraulic laboratory, or 
in the testing laboratory, or to instruction in mechan- 
ics or any other of the courses of this kind, he would 
feel that he had not cut himself off from technical 
work and from advancing in the engineering profes- 
sion. A great many will undoubtedly believe that a 
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proposition of this kind is too radical; that it is not 
practicable to make a division of labor in the way in 
which I have indicated, and that the tendency of the 
time is in favor of specialization and not in line with 
a proposal of this sort. To this I can only reply that 
outside of administrative difficulties I can see no rea- 
son why the work of the instructor cannot be thor- 
oughly well done, even though a part of his time be 
sx)ent in the laboratory. There is undoubtedly a dan- 
ger that the principal interest of the instructor will be 
in the technical work and laboratory work, rather 
than in his mathematical instruction. I fear this less, 
however, if we require for this purpose students who 
have taken at least two years of graduate work in 
mathematics. In any case, it seems to me to be neces- 
sary to accept this as a fundamental requirement in 
the selection of tiie instructors. 

I desire to say a few words concerning the confer- 
ence system which we are trying to introduce at Wis- 
consin in the instructional work in mathematics for 
freshmen and sophomores. For the purpose of con- 
ferences with the students we have divided the in- 
structional force for the current year into three 
groups. These men are present in the office of the 
department on Tuesdays and Thursdays from 4.00 to 
5,30 P. M., and on Saturdays from 9.00 to 10.30 A. M. 
At these conference hours any students in any of the 
courses are at liberty to appear for any assistance or 
additional explanation of the classroom work that 
they may desire. In the instructions which I have 
given to the various members of the teaching force, 
I emphasized the need of not only inviting all of the 
students that so desire to attend the conferences, but 
also that students that are behind in their work, or 
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doing poorly for any cause, shall be urged by the in- 
structor to attend. I have also suggested that these 
invitations should not be confined to tiie weak stu- 
dents that need help, but should be extended to the 
brighter students as well, who might profit by encour- 
agement and suggestions which would lead to more 
enthusiasm and better work on their part 

We have been very much pleased thus far with tiie 
success of the conference system* Each instroctor 
keeps a diary or record of his work with the students. 
Another year we expect to develop the conference 
system slill further. The work of the instructors in 
the conferences will hereafter be a principal consider- 
ation in determining their promotion. The campus 
at the University of Wisconsin is not adequately 
lighted in the ev^iing at the present time, so that we 
are unable to put the conferences in the evening. As 
soon as provided with adequate light, we shall hold 
these conferences every evening from 7.00 to 9.00 
o'clock, except Fridays and Saturdays, but shall un- 
doubtedly continue our conference on Saturday morn- 
ing. Work of this kind we find supplements the in- 
structional work in the very best way and brings the 
instructors and students into intimate contact. The 
conference system not only does this, but it brings the 
students in contact also with all members of the in- 
structional force in the department. 

Discussion. 

Professob Waldo : Most of our engineering colleges 
require both plane and solid geometry of their stu- 
dents for admission. I think that the teaching of 
these subjects at the present time in the preparq,tory 
schools needs improvement, not so much in the amount 
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covered as in the manner in which it is covered. The 
trouble in the high schools comes from the teachers 
having studied very little mathematics, if any, beyond 
the subjects they teach. Not having a good knowl- 
edge of the mathematical work which their students 
will be later required to study, they do not properly 
appreciate the importance of a thorough grounding in 
the mathematics of the high school. 

But the most serious difficulty is to teach students 
how to study. Few of them seem to know how to 
study mathematics. They set about it as something 
to be memorized. On account of the increase in the 
number of subjects taught in our preparatory schools, 
and the covering of too much ground with a very thin 
layer of knowledge, the same is probably true of sev- 
eral other subjects. Students seem to get the idea 
that superficial knowledge is adequate, and that this 
is true of mathematics. They fail to grasp and re- 
tain the fundamental principles and to appreciate the 
fundamental facts. 

Professor Norris: The question is raised, **How 
are we to influence work at the preparatory schools ! ' ^ 

Professor Marvin : I would like to know how much 
is done by other states in regard to bringing the sec- 
ondary school people into touch with the university. 
In my own state we have a conference with the high 
school people, which is usually held at the university 
in the spring. 

We make it worth their while by furnishing an 
attractive program, which includes papers from the 
imiversity people and from the high school people 
themselves; also something in the way of a lecture 
by some outside party. Each year some subject is 
taken up for discussion— one year mathematics, one 
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year English, and one year modem langaages, etc. 
This actual coining into close touch has heen found 
to be of great benefit. One result in my own state 
has been the formation of a mathematical society 
along the lines of a secondary mathematical organiza- 
tion, made up of high school principals, superintend- 
ents of schools and teachers of mathematics in various 
colleges of the state. This organization is alive and 
working and is influencing the teaching of mathemat- 
ics, and I think the situation in Kansas is going to 
be improved. 

Professob D. C. Jackson: To illustrate how unsat> 
isfactory it is to allow secondary scholars to carry on 
for a time an analytical study, which is preliminary 
to similar work in the college, and then drop it, allow- 
ing a gap between the times when the scholars pursue 
the study in the secondary school and in the college, 
I will relate an experience of some ten or twelve 
years ago. Some of us believed that algebra was not 
well enough taught in the secondary schools, while 
some others of us insisted that the fault lay in the 
time it was taught, which allowed a gap between the 
study of the subject in the high schools and in the 
college. Our mathematics department was influenced 
to examine in algebra every scholar coming from high 
schools at the beginning of a particular college year. 
I am connected to a university receiving, as you know, 
a large number of scholars on certificates from high 
schools, in lieu of entrance examinations. 

We took the results of the examination and plotted 
curves on the basis of the percentages of scholars who 
went through an easy examination with a record 
above passing mark for one coordinate, and the other 
coordinate was the number of years prior to this ex- 
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amination when the several students last studied 
algebra. The class included scholars whose prepara- 
tory study of algebra had ceased as much as six or 
eight years before coming to college, while others had 
studied it up to the day of this examination. For 
most of the sdiolars there had been a gap of a year 
or a year and a half. It was remarkable to see the 
uniformity with which the relative numbers who 
failed to pass an easy examination were almost pro- 
portional to the lapse of time between the studying 
of the subject and the coining to college. As a result 
of this examination, the University of Wisconsin 
placed a recommendation in its catalogue that algebra 
should be reviewed in the last year of high school 
work. This recommendation, however, did not do 
much good because the secondary school disregarded 
it. 

A recent crusade of the same nature has brought 
about with us the introduction of an algebra examina- 
tion for all entering students who come to the college 
of engineering, with the understanding that whether 
a man be entered from an accredited school or not, if 
he does not pass the algebra examination, he is ex- 
cluded from entrance. 

The condition referred to is not one that relates to 
algebra alone. It relates generally to analytical stud- 
ies. Those studies which relate to facts and which 
are not to be articulated with the college course are 
just as well studied in the first year as in the last 
year of the secondary school course, and we do not 
care whether they are studied continuously through- 
out the secondary school course or not. An analytical 
study, on the other hand, should be closely articulated 
with the college course. The early study of algebra 
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helps arithmetic^ which of course is an advantage, but 
if algebra is studied in the first year of the secondary 
school course, it ought to be taken up again at a later 
time so as to articulate it with the college course. 
This also results in articulating arithmetic and geom- 
etry with the rest of mathematics, which is highly 
desirable. 

Pbofessob Landbeth : To those who are not familiar 
with the procedures of New York and the eastern 
states, I would say that we have what is known as a 
Uniform Examination Board which examines students 
of the different schools and issues certificates which 
are accepted as an equivalent for examination for 
admission to any college represented on the board. 
While this is an improvement, it has not yet solved 
the problem. There seems to be a feeling that what 
is needed is either to have the board take on a new 
function or to establish a new board which shall im- 
dertake the examination of high school students, and 
prepare a certified list of what may be called accred- 
ited schools, to which list names may be added or 
dropped as the work of the school, as seen in its 
students, seems to warrant. As the work of any 
school improves, it will become eligible, and its name 
added to the list by the board and the certificates 
issued by the board will be accepted by the colleges. 
This proposed scheme may furnish one of the reme- 
dies which are asked. Then if students from a certi- 
fied school indicate a low grade of work as being done 
by the school, any college may, at its discretion pro- 
ceed to require entrance examinations of the students 
coming from that school. Whether or not this will 
meet the diflSculty remains to be seen. It may be 
necessary for the schools to return to the old plan 
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of holding their own examinations and not accepting 
the rating of the Uniform Examination Board. 

PitovESBOB Tyjjebl: Some reference has been made 
to New England conditions. Several New England 
colleges belong to the College Entrance Examination 
Board of which all accept the records. We have be- 
side that in New England a Commission of Colleges 
which naakes up a list of sdiools. This accredited list 
is weeded out from time to time on the basis of rec- 
ords of students in the colleges. The commission in* 
dudes naturally only those colleges which admit on 
certificate. I think the most helpful change in New 
England recently has been the increased development 
of interest in the association of teachers of mathe- 
matics and other subjects. The same movement is 
going on in all parts of the country. 

In regard to the special question of entrance mathe- 
matics, we have recently tried a plan which I think 
produces good results, viz., that of holding two exam- 
inations in algebra, each of one and three quarters 
hours. The school-men have insisted frequently that 
they cannot arrange their programs so that algebra 
will be included in the final year of the high school 
work. Our reply has been that in the early years of 
the high school course, the boy is incapable of doing 
justice to the subject, that he gets this in an unsatis- 
factory way and that the geometry had better be 
finished earlier and algebra taken in the last year as 
well as first. We do not consider a boy in general 
well prepared for our work unless he has studied 
algebra during the year before his entrance. 

As given now in most high schools, at least in New 
York state, algebra is studied in the second year, or 
rather two years before the year for graduation, and 
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by the time the boys get through their course they 
have forgotten nearly all they have learned. This 
had been remedied in New England by requiring a 
review in the last year of preparatory school work. 
This is somewhat of an improvement. 

Peofessob Wai^do : A word in reference to our prac- 
tice in the Central West. Our entering students may 
be divided into two classes; those who are known as 
graduates from accredited high schools or certified 
schools, and those who are not. The second class in- 
cludes those students whose work in high school has 
been interrupted by necessity. After tiiey have been 
in practical life for a time, they discover the need of 
a higher training. These we examine in every case 
and those who are able to stand a pretty stiff examin- 
ation in a number of subjects, but especially in mathe- 
matics, are usually given a trial. They are usually 
mature men. They know what they want, and should 
succeed even with a handicap. The accredited stu- 
dents, numbering about 80 per cent, of the entering 
class, are looked after in another way. An individual 
record of their institution is kept, and when the work 
of students from any special institution is found de- 
fective, it is struck from the accredited list and its 
students must stand examination. In this way a 
pretty uniform set of entering men is secured. 

Pbopessoe J. P. Jackson: I desire to congratulate 
the author of this paper upon his lucid and common- 
sense presentation. There is one point to which, how- 
ever, I take exception. That is the author's state- 
ment that less men have probably entered the field of 
pure science during the last few years than formerly 
because of the tendency of educational institutions 
toward the teaching of applied science and mathemat- 
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ics. Unless my casual observation is wrong, I should 
say that during the past few years there have been 
more advances in our knowledge of natural phenom- 
ena obtained by the work of scientific investigators 
than during any decade of the last century. Unless 
I am wrong in this, the author's statement at the 
beginning of his paper is certainly not based upon 
facts. 

Pbofbssob WAiiDo: From some statistics it would 
appear that the growth in our general courses has 
been greater than it was before the rush for technical 
education. The University of Michigan may be taken 
as a Western type. An investigation shows the re- 
mark just made is true in that institution. 

Ten years ago the school of liberal arts at Ann 
Arbor had a membership of about eleven or twelve 
hundred. Until about 1900, or 1901, it remained 
nearly stationary at that number. In 1903, the school 
of liberal arts had a membership of 1,300. Just pre- 
vious to that time the University of Michigan entered 
upon the development of its engineering school, which 
in 1903 numbered about 600. In 1906, tiie school of 
liberal arts had increased to about 1,400, as over 
against no increase for the last few years up to the 
time of active work in the school of engineering, while 
the school of engineering had increased to 1,300. 
While the school of liberal arts did not increase at 
any such ratio as the technical, yet it seemed to de- 
rive a great stimulus from the rapidly growing school 
of engineering. 

Pbofessob Jacoby: The speaker would like to ask 
the question whether any one present has made the 
experiment of holding conferences with students for 
the purpose of replacing a part of the ordinary form 

11 
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of recitations f The paper seems to indicate that a 
conference was held to supplement the regular work. 
If the regular work was modified in any other way, 
it would be desirable to know more of the particulars. 
It is certainly worth while to consider how the time 
may be reduced that is ordinarily spent by the student 
in recitations without lowering the standard of in- 
struction. 
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A major reason for the ineffectiveness of much of 
our public schooling is that teachers and pupils have 
their eyes and thoughts jSxed, not upon the real pur- 
pose of education, but upon the examination of next 
week or the promotion of next June. The school and 
its processes become to them, therefore, ends in them- 
selves. The petty lessons which they teach and learn 
obscure the broad objects of teaching and of learning, 
and the walls of the school-room limit their educa- 
tional horizon. To neither such teachers nor such 
pupils is it ever revealed that schooling is but a minor 
means to the true end of education which is, of course, 
physical, mental, moral, and tiierefore social efficiency. 

The students in a school of applied science have a 
wider view than this; but in most cases it is an out- 
look far too narrow. They are aiming, it is true, 
towards the goal of a professional career; but they 
usually see in that future profession not an opportu- 
nity for social usefulness, not the happiness which is 
reached through efficiency, not the unselfish devotion 
of (for example) the "bom'^ physician; they antici- 
pate, on the contrary, merely the power, the money 
and the ultimate ease which professional success may 
bring. Therefore, few undergraduates study the sub- 
jects in the curriculum because they care for them or 
because they grasp the relation between those topics 
and the social organism; they pursue them simply 
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because those subjects must be overleaped— like ob- 
stacles in a hurdle race— by the irksome process 
called examination, in order to secure a degree. The 
degree itself they look upon as an end worth working 
for, since its possession means^ usually, a remunera- 
tive **job'' which will lead to others bringing in, 
eventually, an income adequate to the bewildering 
calls for expenditure in modem life. 

Were this, the attitude of mind of technological 
students alone, it might justify— or at least explain— 
the sometimes supercilious attitude of the college of 
** liberal arts,'' and might support its contention that 
its atmosphere is broadly cultural while that of the 
college of science is narrowly utilitarian. But under 
modem conditions the outlook of all collegians is prac- 
tically the same; for, however fondly the elder insti- 
tutions may cling to outworn forms and terms, how- 
ever prominently the *' humanities " may stand out in 
their prospectuses, they also are, in truth, colleges of 
modem science and of the application of science to 
commercial and industrial life. The cloistered stu- 
dent wrapped in love of ancient learning is still to be 
found ; but he is engulfed in the host of youth who— 
when they do not go to college simply for sociability 
and prestige— regard higher education as a kind of 
trump card in the game of money-making. 

More or less unconsciously, colleges of arts and col- 
leges of science alike foster this student attitude of 
mind by devoting an undue share of the academic 
year to examinations, by overloading the curriculum 
with examinable subjects, and by permitting the sev- 
eral schools or departments to emphasize the utili- 
tarian by specializing and intensifying too much. As 
a result the secondary purpose of a college— that of 
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instilling information—too often bulks largest in the 
eyes of all concerned and obscures, or even eclipses, 
the leading aims of all collegiate education. 

Those major aims should be in the order of their 
importance: (1) To develop manhood out of boyhood; 
(2) to make the men thus developed broad-gauged, 
mentally quick and receptive, intellectually catholic, 
tolerant and modest; (3) to train good citizens, in the 
fullest meaning of that term; and (4) to equip for 
industrial and professional efficiency. To accomplish 
the last is what the technological school is paid espe- 
cially to do; but unless that professional training is 
given in such a way as to supplement and strengthen 
in the highest degree all the other social forces which 
are making for manhood, breadth and citizenship, the 
school has defrauded the undergraduate, has failed 
of its duty as a social agent, and has sealed its own 
eventual doom. 

Even though they be nineteen or twenty years of 
age, most youth come to a college mere boys in their 
childish attitude of mind, their undeveloped sense of 
personal responsibility, their hazy outlook upon life, 
and their distorted perspective of themselves in the 
community. They ought to be graduated, however, 
with their minds ripened and their vision cleared. 
Indeed the years of their college life will have been 
largely wasted unless, in those years, they have ac- 
quired a mental and moral seriousness far greater 
than that of the less well educated man. 

Limiting ourselves to the school of applied science, 
perhaps its paramount duty and opportunity is to 
impress upon a youth as he enters manhood that liv- 
ing, instead of being a game of pleasure or of chance, 
or a haphazard acceptance of what comes along, is an 



166 8TANDABDS IX>B THE TOUNO EKOIKEEB. 

actual profession, is the leading vocation of every 
man, is a profession to be studied, perfected and 
strategically planned with interested thoroughness 
and far-seeing care. This right view of life can be 
instilled not only by giving the college youth ever 
wider choice of work, initiative in working and re- 
sponsibility for the quality of his work (while holding 
him to a rational and ordered sequence of develop- 
ment), but also by teaching him such things and in 
such a way as to make him increasingly aware of a 
man's power over circumstance and of the multiform 
opportunity which every individual has to shape his 
own career. 

Another chief use of the education given in a sci- 
entific school should be to expand a young man's 
vision, to teach him the difference between the smaU 
and the great things' of life, to train him to see the 
world from a clear mountain-peak of intellectual tol- 
erance rather than from a foggy valley of personal 
prejudices. This breadth and cathoUcity can be in- 
spired by building all his professional and technical 
training upon basic truths and principles, by framing 
his courses of study upon those still fundamental, his- 
torical, philosophical and linguistic subjects which 
(quite too exclusively) made up the college course of 
half a century ago, and, most of all, by seeking every 
opportunity to impress upon each student the fact 
that what makes for leadership and power in profes- 
sional life is not familiarity with technical details and 
an extraordinary memory for formulae, but ability to 
view questions in a large way, to handle subordinates 
easily and justly, and to meet equals and superiors 
tactfully and upon the broad platform of many human 
as well as professional interests. 
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A student will not have secured seriousness and 
breadth, however, if, on graduation, be believes that 
his professional training is to be used wholly to sat- 
isfy his personal-and verf proper-ambition for 
power and wealth. He must also have been made to 
realize that, being an extraordinary debtor to society, 
he owes an immense debt of future service to the 
community ; he should also have learned that the main 
business of an educated man is to grow into wide use- 
fuhiess by practising the * ^ gregarious ' ' virtues, by 
placing his abilities as far as possible at the service 
of his neighborhood and state, by increasing the five 
talents of his collegiate training into the many times 
ten talents of personal and social efficiency. To this 
end his technical and his non-technical teaching should 
have emphasized those subtle, unselfish moral quali- 
ties which lie at the foundation of professional ethics, 
engineering honor, and true devotion to the good of 
the state. 

Whatever may be the sequence of studies, the rami- 
fication of * * electives, ' ' or the emphasis upon this 
topic or upon that, the student should never be al- 
lowed to become so confused by these details as to 
lose sight of what he goes to a school of applied sci- 
ence for. In the student ^s own mind he goes prima- 
rily to obtain certain information, some technical skill 
and a measure of iscientific jargon which will enable 
him to secure and to hold a remunerative professional 
position. If this mental attitude is not rectified, or is 
encouraged by placing too much emphasis upon tech- 
nical information, *^ knacks,'^ formulae and phrases, 
the youth will devote himself zealously, even enthu- 
siastically, but none the less fatally, to things which, 
without the higher aims, are but the chaff of educa- 
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tion. The strongest evidence of a freshman's need 
of training is that he does not know how to appraise 
those tasks which he must or may do, that he does 
not understand what the world is going to demand of 
him as the price of real professional success. 

To educate him, therefore, in the right meaning of 
education, the school of applied science must not con- 
tent itself with giving him that technical information 
which, to his untrained mind, is all that he requires; 
it must hold before him and must teach him to under- 
stand the value and importance of those higher stand- 
ards by which his work as a man and as an engineer 
will be judged by his future employers, by his com- 
ing associates and by the world at large. He cannot 
foresee, therefore he must deliberately be made to 
appreciate, that behind and underneath his technical 
information and scientific skill he should possess at 
least three other things: seriousness of view, breadth 
of mind and a sense of civic responsibility. With the 
first he will learn how to measure and control his own 
life ; with the second he will learn how to estimate the 
lives of others; with the third he will learn how to 
place himself and all he does into right perspective 
with the whole order of society; and with all three 
together he will be ready to meet and conquer prac- 
tically every one of those problems— moral, social or 
technical, with which his life is certain to be filled. 

To keep these large purposes and true aims of edu- 
cation before themselves and their students is ex- 
tremely diflScult for the teaching staff, engrossed as 
they must necessarily be in the thousand details of 
teaching and discipline, and hounded as they are from 
without and within to equip their students (like auto- 
mobiles) witii every latest device for technical speed 
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and efficiency. That the faculties of most schools of, 
technology have been able to preserve the wider view 
is cause for wonder and congratulation. With the 
greater specialization and haste of modem life, how- 
ever, they will find this to be increasingly difficult 
unless they receive organized and unflagging help 
from those who stand far enough from the details of 
teaching to see that teaching in proper perspective 
and to measure its real results. The two bodies near 
enough to the school of applied science to understand 
its internal methods and aims and yet far enough 
away from it to gauge its final influence upon young 
men and its ultimate effect upon the industrial and 
social structure, are, of course, the trustees and the 
alumni. In every way possible they should identify 
themselves with their college and its undergraduates, 
and, while refraining from interference with the de- 
tails of courses or of teaching, should keep clearly 
before the students those real aims and ends of all 
higher education which their experience of life should 
have made them plainly see. Just how they are to 
do this is not within the present scope even to sug- 
gest; moreover no two colleges of science would ap- 
proach the problem in similar ways. But that these 
high standards must be held before the imdergradu- 
ates of' all such colleges and that the trustees and 
alumni must give conspicuous help in doing so are, 
I think, self-evident truths in higher education. 



BLANK FORMS FOR USE IN ELECTRICAL 
ENGINEERING INSTRUCTION. 

BY HENRY H. NORMS, 
Professor of Electrical Engineering, Cornell University. 

The purpose of this paper is to set forth the facts 
regarding the use of mechanical means such as blank 
forms in connection with courses in electrical engi- 
neering. The state of affairs is practically the same 
in connection with other branches of engineering, but 
attention will be largely confined to this one branch 
in order to make the results more concrete. That the 
subject is worthy of study is evident from the fact 
that there is a great variety of opinion as to the wis- 
dom of usi^g such forms and the forms thus actually 
in use are of many different types. In presenting 
this topic to the society the writer has in mind the 
possibility of such an interchange of opinion and ex- 
perience in connection with the discussion that the 
way may possibly be opened for preparing sets of 
standard blank forms which can be used in classes 
taught by our members. These forms are expensive 
to produce, especially in small quantities, and they 
require a great deal of care and thought to arrange 
in the most orderly and logical manner. Hence, if 
the use of blank forms is desirable and if some of 
these forms could be made standard, it would be en- 
tirely practicable for the society to undertake such 
work if it were thought wise. 

In studying this subject two facts are clearly 
brought out. First, that any kind of instruction is 
primarily for tiie purpose of developing the ability 
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of the student to think for himself; and second, that 
the instruction should give the student facility in 
turning out a great deal of good work in a limited 
time. Each feature of instruction must be adopted 
with these two points in view and any plans which 
emphasize one at the expense of the other will pro- 
duce unsatisfactory results. Aside from Ihese con- 
siderations, there jnust be kept in mind the necessity 
for efficiently instructing a considerable number of 
students, and a plan that might be successful with a 
large number of students may not succeed with a 
small number, and vice versa. From these premises 
it is evident that there is no definite answer to the 
question, '^Are blank forms desirable for use in elec- 
trical engineering instruction''? 

Experience with students teaches that very little 
pedagogical value is to be attached to lectures and 
recitations except as these force the students to put 
forth mental effort in doing something for themselves. 
Hence the necessity for an unlimited number of prob- 
lems both analytical and experimental. These prob- 
lems must be designed to teach the desired lessons 
without unnecessary drudgery, and they may at the 
same time serve to convey a general impression of 
current engineering practice. The preparation of the 
problems and the examination of the results entail 
much labor on the part of the instructors, and this 
may be minimized by the use of printed or mimeo- 
graphed blank forms calling for the several items 
desired. With such forms in use the instructors are 
able to devote more time to the general principles 
involved and tiieir work is rendered less tedious. 
The students are also helped by the forms in that 
they are able to go ahead with their work with little 
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delay, and if the forms are properly designed the 
students will not be relieved of the necessity of think- 
ing for themselves. Obviously, students are not pre- 
pared to plan their own problems and experiments in 
detail, for to do this requires a comprehensive view 
of the whole subject covered. They would be sure to 
omit important features, requiring the repetition of 
much work. The forms indicate the various features 
of the problems and the number of calculations or 
observations to be made. The objection to such me- 
chanical helps is that the students are relieved of 
responsibility and hence have less incentive to think 
for themselves. This last-named feature constitutes 
a real danger and it must be avoided m some way. 

In order to ascertain the present opinion and prac- 
tice in regard to the use of blank forms, a correspond- 
ence was conducted with a large number of engineer- 
ing schools, and the professors of electrical engineer- 
ing were asked to state their views for the benefit of 
the society. A collection of blank forms was also 
made and arranged in book form for study. The 
results of this preliminary work show that opinion 
regarding the advisability of using blank forms varies 
from one extreme in which it is not thought wise to 
use any blank forms, to the other in which the general 
use of blank forms is recommended. The arguments 
advanced in the first case are that the student must 
be encouraged to put forth all the original effort pos- 
sible and that he gains more by doing a few pieces 
of work thoroughly from the bottom up than from 
doing a great quantity of work with mechanical as- 
sistance. In one institution the aim is stated to be 
to have so many instructors in the classes that the 
students can receive the necessary help without the 
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aid of many blank forms. Those who advocate the 
use of blank forms to a considerable extent believe 
that the student gains more by covering a great deal 
of work in a limited time than he does by doing a few 
pieces more thoroughly. The average opinion of all 
seems to be that a limited use of blank forms is desir- 
able and that certain studies lend themselves more 
readily to the use of such forms than others. As a 
study tends to involve empirical information the use 
of blank forms becomes more allowable. This class 
of problems includes particularly design and work of 
this kind. It may be said also that problems con- 
nected with the prediction of the operation of elec- 
trical machines also come under this head. Labora- 
tory problems seem to require a limited use of forms. 
One authority who was consulted gave as his opinion 
that blank forms should generally be used in order 
to produce facility, but that a few problems in each 
course should be given without any such assistance in 
order that the student might be able to try his own 
ability to follow through a line of thought. This 
seems to be a rational attitude. 

A few notes regarding the practice in various insti- 
tutions may be of interest and are here given. 

Syracuse University uses a complete and elaborate 
set of blanks for data on dynamos, motors, etc., these 
being the most complete that were submitted. 

Columbia University, for laboratory reports, uses a 
simple form calling for a few general matters aud 
leaving the students to fill in the details. In the 
design courses, however, a more elaborate blank is 
employed and the completeness of the latter is shown 
by the fact that for dynamo and motor work the list 
comprises 327 items. Columbia University submitted 
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an interestmg blank form to be nsed in describing an 
electric light or power station calling for the various 
items necessary to completely describe snch a plant. 

In the electrical laboratory of Montana State Col- 
lege a small size of report form (7^x8^) is used, the 
standard apparently being &|zll. 

The University of Missouri uses in the designing 
room a complete form for dynamo electric machinery 
covering all kinds of electrical and mechanical details. 

The University of Vermont has a very complete 
set of blanks for experimental work and design. 

The Armour Institute sent a sample blank covering 
the subject of i)ower plant engineering in which the 
important details of dynamo and motor construction 
are compactly arranged. 

Ohio State University uses detailed forms for de- 
sign, but for laboratory reports finds it more desira- 
ble to merely indicate the important features, allow- 
ing the students to fill in details. 

Cornell University uses a large number of blank 
forms, Professor Carpenter of the Experimental En- 
gineering Department having developed a very com- 
plete set covering all of the experiments performed 
in the junior and senior laboratories. At the present 
time a set is being developed for the electrical engi- 
neering laboratory, tiie arrangement being based upon 
the experience gained in the experimental engineer- 
ing department combined with the requirements of an 
electrical laboratory. Samples of both of these forms 
are submitted, as they show a successful practice in 
this line. The experience in Sibley College has shown 
the necessity for the use of such blanks, particularly 
in the instruction of large classes. The blanks have 
been so prepared that they contain all necessary in- 
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formation for carrying out and working np liie experi- 
ments as far as this can be given in condensed form. 
In the electrical engineering department, aside from 
the laboratory, it has also been fonnd very desirable 
to pnt the problems and other exercises into syste- 
matic form, the constants being varied so as to give 
individuality to the work of each student. 

Blank forms received from the Charlottenburg 
Technical High School and designed by Professor E. 
Arnold are as complete as any that have been^ avail- 
able. The most minute details are covered and if a 
student has thoroughly solved one of ihese problems 
he is presumably a master of the subject. 

Two very interesting volumes were submitted by 
Professor W. S. Aldrich as samples of the methods 
followed by him in his recent work at the University 
of Illinois. Detailed instructions are given for con- 
ducting the experiments and some blank forms are 
included, the spaces to be filled in by the students. 

The University of Texas submitted a number of 
sample reports from students, from which it is evi- 
dent that they do not supply printed forms but they 
dei>end upon ihe students to rule their own blanks 
as needed. The experiments are inclosed in standard 
covers, on which are printed general instructions for 
conducting experiments. 

In conclusion the writer would state that for the 
conditions existing at Sibley College he feels sure 
that some blank form must be used for practically 
every problem or experiment. That this is true in 
all institutions is doubtful. It will be interesting to 
learn the opinions of the members of the society as 
to whether the enforced use of these forms is an 
unmixed evil or whether as good results may be ac- 
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complished with a judicious use of the fonns as 
without. 

EXAMPLE OF 8IMPLE LABORATORY REPORT COVER. 

COLUUBLA. UinmSITT IN THE GiTT OF NsW TOBK. 

Electrical Enguieering Department. 
Laboratory Report on 

Experiment No Part 

Name Dates examined (1) 

Date commenced (2) (3) 

Date completed Mark 

Date handed in Signed 



This report is due one week after the date of completion of the 

experiment in the Laboratory. 
1. Title 



2. Object of experiment 



3. Apparatus employed (Laboratory numbers and ranges of aU instru- 
ments and apparatus. Names and capacities of aU machines) 



4. Description of the experiment with obeerrations, curves and oondu* 
sions 
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Discussion. 



Pbofessob Bbackett: Professor Norris has not em- 
phasized one thing which might be considered in favor 
of using standard blanks in laboratory work; that is, 
the aid they offer the instructor both in checking the 
observations before the student leaves the laboratory 
and in correcting the final report on the experiment. 

When students work without observation forms, it 
is no unusual thing, especially if the instructors are 
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over-burdened, as is often the case, to find that some 
most essential observation has either not been taken 
at all or was not recorded and has been forgotten. 

Then the comparative ease with which reports ar- 
ranged in some familiar form or order may be 
checked, criticized and graded is of no small conveni- 
ence to those compelled to do that portion of the work. 
Perhaps the instructor's convenience ought not to be 
considered. It certainly should not be put before the 
interests of the student. But if the duties of the 
instructor can be made lighter without detriment to 
the welfare of the student, then it is desirable that 
it should be done. 

The suggestion that some of the work be done with 
blanks and some without blanks is to my mind a good 
one. In fact there is little excuse for going to ex- 
tremes with any one method in any subject. As a 
rule, some methods are good for certain portions of 
a subject and other methods are better for the re- 
maining portions. 

In the electrical engineering laboratory there is no 
doubt that more ground can be covered in a given 
time when blanks are used tiian when they are not 
used. I am inclined to believe that in most cases the 
greater amount of work performed is an ample justi- 
fication for the use of blanks. Some experiments 
should be set aside, of course, to be reported in the 
student's own form. The form of these particular 
reports should be given considerable weight, not 
merely in the credit for the experiments so reported, 
but in credit for the entire course. The number of 
experiments required to be reported in the student's 
own method ought to be dependent upon how much 
he needs such training. Perhaps this portion of the 
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work would better come first, «nd then when a satis- 
factory proficiency in formulating reports has been 
attained, recourse may be had to blanks and forms. 

Pbofbssob F. C. Caldwbll: I am inclined to differ 
from the speaker with regard to the use of blanks and 
believe that their number should be kept as low as is 
consistent with the necessary guidance to the students 
in the matter of their preparation. It is important 
that students should learn to make their own blanks 
and to supply them with proper headings, and the 
capacity to do this can be developed better by prac- 
tice than by the continual use of blanks already pre- 
pared. Of course the necessity for reducing the work 
to be done by instructors may require an extensive 
use of prepared blanks, but I believe it should be 
regarded as a necessary misfortune. I am always 
inclined to think twice about the educational value of 
a scheme which will result in saving work for myself. 

Fbofessob Fobd : The question as to whether blanks 
are to be used in recording the results of laboratory 
work is determined largely by what is considered as 
the object of that work. If it is merely to determine 
the efficiency or other characteristics of a certain num- 
ber of machines, as is done in a factory testing room, 
the use of record blanks is to be commended. If, 
however, the object is to teach the student how to 
obtain the machine characteristics, the use of blanks 
is of doubtful utility if not a positive detriment. The 
reason for my opinion is this : If a blank is to be used 
it is of necessity accompanied by a more or less de- 
tailed statement of the readings which are required, 
with the necessary calculations. Having these in- 
structions before him the student is apt to fill all the 
blank spaces with readings witiiout regard to why 
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they are made or what they mean. The result is that 
if he is required to test a machine without a blank 
at hand he wonders how he is going to do it and the 
chances are that he will forget to take some important 
reading, while if he had had no blank in the first place 
he is much more apt to know what he is doing. To 
my mind the only excuse for the use of blanks is to 
save the time of the instructor when he is obliged to 
handle classes that are too large for him. 

The case of design is quite different, for there the 
magnitude of the results is of quite as much impor- 
tance as the method of calculation. Then too a tabu- 
lation of final results is merely a convenient way of 
asking for desired information. The use of blank 
forms for design appears highly desirable. 

Peopbssob E. C. Cabpbnteb: My experience, based 
upon actual results that men have accomplished after 
leaving college, has led us to adopt blanks to quite 
an extent in laboratory work. Our laboratory work 
is for the purpose of giving a man skill in doing cer- 
tain things and in finding certain results. We use 
laboratory blanks merely as a means of recording 
results and to save the student a lot of time. This 
is important with us since men are required to do a 
good deal of work in a short time. The value of 
blanks depends largely upon the viewpoint and the 
object of the experiment and what you want to accom- 
plish. If you want to teach your men to do a great 
deal of work very quickly and for some certain ends, 
you will gain more for yourself and them by using 
blanks. 

We find that the use of blanks helps us out in the 
saving of an instructor's time to a great extent. We 
use them largely as printed instructions and as an 
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expedient I believe they are necessary for many cases 
and not hurtful for advanced or research work, of 
which we do a great deaL An advanced stadent 
working on research work is encouraged to make his 
own blanks. 

Pbofessob J. P. Jackson: Professor Carpenter's 
statement is nndonbtedly in line with the best thought 
and practice of the men in charge of the experimental 
work of our leading institutions. I would like to 
suggest to Professor Norris in reference to his paper 
that if he will kindly make out blanks for the course 
in electrical engineering such as he considers ideal 
and append them to his paper for printing in the 
transactions, he will doubtless perform a valuable ser- 
vice for the rest of us, 

Pbofessob Bbagkett : Perhaps your instructors take 
the place of blanks. I have known cases where lab- 
oratory work was conducted in such a way that the 
student received verbally all the direction and all the 
help which a blank would give. 

I have also known students to use the directions 
given in a laboratory manual in the same way that a 
blank would be used; and I have myself received 
reports in which the directions of some book, not even 
in the room when the observations were taken, had 
been followed as specifically as could have been those 
of a blank. 

Pbofessob H. H. Nobbis: In closing this discussion 
I would say that the remarks made during the discus- 
sion indicate a considerable difference of opinion as 
to the extent to which mechanical helps should be 
employed. We are, apparently, agreed that each in- 
stitution must determine this matter for its particular 
circumstances. If, however, it is possible for the 
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more complicated forms to be used by several institu- 
tionSy some economy of money and effort would result. 
For the present I would suggest that those professors 
of electrical engineering, who care to do so, agree to 
s^id to otiier like-minded teachers copies of their 
printed matter. This would tend toward uniformity 
of practice as far as such imiformity is practicable 
and if it developed that certain of the forms have a 
tendency toward similarity some common action in 
regard to printing might be taken later. The writer 
will be pleased to receive the names of teachers to 
whom the above suggestion may appeal and he agrees 
to keep each supplied with a corrected list of the 
cooperating professors. 



TOPICAL DISCUSSION: IS THE DESIGN OP 

ELECTRICAL MACHINERY A PROPITABLE 

UNDERGRADUATE STUDY? 

Fbofessob Nobbis: I have become impressed during 
the past few years with the notion that primarily a 
technical school is an educational institution. I find 
that engineering design as practiced by the engineer- 
ing companies is largely of an empirical nature. If 
we teach in such a way as to illustrate simple funda- 
mental principles, we will produce electrical machines 
which will not be anything like those turned out by 
the electrical companies, the latter type being de- 
signed to sell at a minimum price and maximum profit 
with reasonably satisfactory performance. As this 
is the case, machines being designed on a competitive 
basis, I have found the teaching of design to have 
become so empirical that the pedagogical value of it 
has been seriously impaired. 

As an experiment this year, we have cut out the 
previously required work in electrical machine design 
and only give it to men who have expressed a prefer- 
ence for it, about 20 per cent, of the senior class. Of 
course, something takes the place of design. It is 
the prediction of the characteristic performance of 
electrical machines calculated from the dimensions of 
actual successful types. 

Peofessob D. C. Jackson: At the University of 
Wisconsin we never think of putting a man at the 
designing of mechanical details in the machine design 
department. I believe that this is one of the few 
subjects that teachers of engineering are agreed 
upon. 
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THE FUNCTION OF THE LECTURE IN 
TECHNICAL EDUCATION. 

BY JOHN PRICE JACKSON, 
Professor of Electrical Engineeriiig, Pennsylvania State College. 

The subject to which the following few words are 
devoted is rather an old one and quite hackneyed. 
As it is of much interest to the educator, however, 
and as there is still a somewhat striking variation in 
belief concerning the function of the lecture, these 
words may not be found to be entirely amiss. Fur- 
ther, if an apology is needed for this paper, I would 
suggest that we are prone to forget, in the glamor of 
engineering and scientific achievement, that our seri- 
ous and important duty to humanity is the moulding 
of intellects, and that pedagogy and pedagogical prin- 
ciples lie at the very root of this endeavor. 

The lecture as it is made use of in the class room 
may be conveniently divided into three classes: first, 
that which is copied by students verbatim; second, 
that which is delivered at the ordinary rate of con- 
versation or reading and is taken down by the student 
in written notes as fully as possible ; third, that which 
is given without notes being required. 

The first type may be omitted from consideration, 
as it has been abandoned, at least in technical col- 
leges, as inefScient. The second, unluckily, is still 
somewhat in vogue and it is concerning it that I 
would speak, as it is apt to prove a snare to the 
unwary freshman in his chemistry, physics or me- 
chanics and a delusion to the professor who endeavors 
to use it as an aid in education. Take the example 
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of a class that must absorb a large portion of a tech- 
nical subject in the form of notes from lectures deliv- 
ered in the class room. The professor stands at his 
lecture table and talks sometimes rapidly, sometimes 
slowly, illustrating his words by suitable experiments. 
The class is compelled to scribble down the state- 
ments made to them with the greatest possible celer- 
ity in order to obtain the required data. Many of the 
students, if not all, spend so much of their energy in 
the mechanical process of writing that they get ex- 
ceedingly little appreciation of the meaning of the 
professor's talk. Further, though the writing of 
notes is done at the highest speed possible, the aver- 
age is not over ten or twelve hundred words in an 
hour, not more than may be found on a couple of ordi- 
nary text-book pages. After leaving the lecture room 
the students are expected to decipher their hastily 
written notes, write them up in full, and give accurate 
descriptions of the experiments. This final prepara^ 
tion of notes means on the average from two and a 
half to three hours of hard work, the greater part of 
which is purely manual and of absolutely no value 
so far as the technical subject under consideration is 
concerned. That is, in four hours the student covers 
not more than two octavo pages, and the mechanical 
labor performed in the greater part of these four 
hours gives a kind of training which has no relation 
to the subject. 

The notes made at the expense of such painstaking 
labor are not of intrinsic value and I am ready to 
guarantee are never looked at after graduation except 
as curiosities. Indeed, a well known professor of 
mathematics told me a few weeks ago that he pos- 
sesses, packed away in his attic, something like a 
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score of beautifully prepared notebooks, which he was 
compelled to make while taking an advanced course 
in one of the great universities of this country. He 
said he never thought of referring to them in his 
work; at the same time he pointed to his bookcases, 
filled with some hundreds of substantially bound 
printed volumes, saying that he kept his references 
there. It must be generally conceded that, if desira- 
ble text-books on the subject studied may be obtained, 
the student can spend his time to much greater ad- 
vantage than in note-taking and copying. But, of 
course, it is true that suitable text-books are not to 
be found in some subjects and also that collateral 
reading may need binding or correlating. However, 
admitting these facts, does that give a professor of 
sdence a right to turn so large a proportion of his 
endeavor to the training of a writing or copy-book 
class t Let the department of English attend to such 
classes. Certainly any instructor who is not willing 
to use text-books or other material available can du- 
plicate, either by the aid of printer or mimeograph, 
notes that will meet his purposes or approval for dis- 
tribution among the students under his direction— if 
necessary, the students would gladly bear the expense. 
Such a course means work, hard work, for the in- 
structor, and if he is unwilling or unable to afford 
the time for it had he not better use the best text- 
book to be had, modifying it here and there as occa- 
sion demands by some means other than those which 
are at the exi>ense of the students' time. The in- 
structor who believes it impossible to teach his sub- 
ject by any method but the note-taking lecture will 
not, let it be hoped, bring forth the argument against 
printed or mimeograph outlines that his work is not 
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in sufficiently correct form for permanence, as under 
such conditions it can hardly be expected that an inex- 
perienced student will be able to formulate notes npon 
which he can rely. I once knew a comi>etent pro- 
fessor of machine design who was at one time a firm 
believer in the note-taking lecture system, his sole 
argument being that it taught his boys to make notes 
properly. I was entertained to observe but a few 
years later that he had converted his lecture notes 
into a printed text-book. His boys are undoubtedly 
taught as well as before how to keep an engineer's 
note-book, while they are receiving infinitely greater 
benefit from their class work and the elucidations of 
their teacher. 

What are the advantages to the student of elimin- 
ating the taking of notes? In the first place, instead 
of the contents of about two printed pages the stu- 
dent can prepare and be drilled in the work of from 
six to ten or more i>ages. Instead of having to de- 
cipher facts from hastily scrawled notes taken under 
pressure and usually incomplete and full of errors, 
he has the subject before him either in clear type- 
writing or in print and is thus in a far better posi- 
tion to get at the truth. Again, and this is the most 
important advantage, during the hour of the lecture 
or recitation the student gives his entire and concen- 
trated attention to the subject. The lecturer who 
places finished discussions or a text-book in the hands 
of his men, instead of talking to a few score of pen- 
cils or notebooks, speaks directly to the minds of his 
hearers. He is able, therefore, to impress his per- 
sonality upon them; in the speaking countenauce be- 
fore him he reads comprehension or its lack, and he 
does not leave his subject until he has made his 
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thonglit lucid. Under these conditions the teacher 
has full opportunity to enthuse his students with a 
true inspiration for knowledge and a desire to get 
to the bottom of the subject. When talking to note- 
books rather than minds it is next to impossible to 
create any such enthusiasm. I refer you to Sj)encer, 
or any other great educational writer, for proof that 
this is good pedagogy. 

The technical instructor is recompensed more gen- 
erously than is necessary for the services of a mere 
drill master, quizzer or reader of lectures. This 
recompense is given not only on account of his broad 
knowledge of tiie subject, but also very largely for 
his ability to give those under his instruction the per- 
sonal inspiration of which I have spoken. A college 
faculty of drill masters can drive students to work 
with much diligence in preparing their lessons for the 
purpose of making good recitations and examinations, 
but at the end of four years imder the direction of 
such a faculty a young man, even though he be gradu- 
ated with honors, may be both superficial and lacking. 
He will be lacldng in the initiative, the ability to 
reason for himself, the breadth of grasp, and the log- 
ical processes of mind that are developed largely by 
personal contact with teachers who can inspire a true 
love of knowledge, divorced from the machinery of 
grades and examinations. 

**What is the most difficult task in this world''! 
asks a great philosopher of himself and replies, **To 
think." This question has been so asked and an- 
swered many times in this meeting. It is to train 
young men to think after having inspired in them a 
love of knowledge, that is the duty of the scientific 
teacher; and to think, he must be taught to under- 
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stand the impressions he receives and to draw deduc- 
tions therefrom. This is pure Emersonian teaching. 
The instructor is presumably a thinker; if he is not, 
he should not be a teacher. He should be able to 
impress his mental processes upon a boy developing 
under him. In order to do this he must make him- 
self mentally transparent to the untrained minds 
about him. Certainly the instructor does this most 
fully who, while standing before his class, holds every 
eye and is in intimate communion with every mind; 
he is able then to perceive just how far his ideas and 
thoi^ghts are absorbed and how much they rebound 
from unresponsive intellects ; and he is able with this 
knowledge to so vary his presentation that it will 
have many sides and points of view until finally it 
becomes acceptable to even the most slu^sh minds 
in the class. Frequently before the insi)ector has 
graven the impression of his ideas upon each mind 
it is necessary for him to make use of one or more 
of those under his instruction^ calling upon them to 
express in their own words, with suitable guidance, 
the thoughts to be developed. 

It is evident that if the lecturer, or better the 
teacher, wishes to impress himself and his knowledge 
ui>on his class, his whole mental force must be ex- 
pended directly upon the minds of those whom he 
would influence, unhampered and unhindered by con- 
straint or barrier of any kind. Lecture notes written 
by students or any other similar distractions seri- 
ously hinder the accomplishment of this object and 
should therefore be rigorously eliminated. 

Let the student have a text-book if possible. If 
this is not available, let him have at least a set of 
prepared lecture notes; assign him all the references 
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and collateral reading that he can master; but when 
lecturing to him or rather teaching him, do so un- 
trammelled by any conventional barriers that will 
weaken the impress of your thought upon his mind. 
Whatever excuse may be offered for hampering, by 
the lecture method, the instruction of upper classmen 
in applied science, which is ever changing, there can 
be no semblance of an excuse for injuring the work 
of freshmen or sophomores by burdening them with 
the lecture note system or any other similar scholastic 
contrivance. 

These suggestions apply not only to engineering 
subjects, but also to chemistry, physics, mathematics; 
indeed, to all study not devoted solely to the cultiva- 
tion of the memory. 

Discussion. 

Peofessob Mebeiman : There are two ways in which 
the student can take in ideas and make them his own, 
by the eye and the ear. The eye method is that of 
the reading of books; in the ear method the student 
hears the words of the lecture. Both methods have 
their advantages, but it seems probable that the aver- 
age boy can more easily take in ideas by ear, and 
therefore it does not seem best that instruction should 
be given solely by text-books. 

Every one present, when going away from here 
this afternoon, will have a clear idea of what has been 
orally given by Professor Jackson. Had we read the 
same matter in print, the impressions in our minds 
would certainly have been much less definite. 

Pbofessob F. C. OAI4DWEIJL.: I agree most fully with 
the author of the last paper in the matter of keeping 
up of lecture notes. I have always felt that the copy- 
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ing of the lecture notes is usually a misuse of the 
student's time. As a general thing, lectnre notes are 
of little value as a permanent possession, though as 
a means of acquiring the information covered by the 
course, they may be valuable if proi)erly taken down 
and worked up. Most students need careful instruc- 
tion and training in this matter and the practice which 
a student can thus obtain in taking down the essential 
features of a subject without attempting to write it 
out verbatim, is most valuable and I believe should 
form a part of every student's training. In my own 
work I urge the students not to copy their notes, but 
to learn to take them down in such shape that they 
can make use of them afterwards. 

Pbofessob Swain: I agree entirely with the author 
of the paper, if I understand him correctly. I think 
the character of the notes should depend upon the 
character of the subject. In theoretical or mathe- 
matical subjects, where students should frequently 
stop to thii^, I think the lecture system is not ap- 
plicable. In such courses a text-book should be stud- 
ied outside. 

Pbofessob Mebbiman: I do not think the lecture 
method is applicable to mathematical subjects. There 
are, however, many topics which can be advantage- 
ously presented in lectures, especially descriptive sub- 
jects like that of sanitary engineering, and this method 
seems to give a greater interest to students than 
when they read a book and recite upon it. It is a 
benefit to a class to take notes of lectures, because the 
ability to take notes and to properly reproduce and 
expand them is a desirable accomplishment. The 
copying and reproduction of the blackboard sketches 
used in a lecture is also very profitable. Many lec- 
tures should not be given, but two or three per week 
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afford a pleasant change from reading and formal 
recitation. 

Pbofessok Swain: Begarding Professor Merriman's 
remarks, I should like to ask how far he considers it 
desirable to go into descriptive work in engineering 
courses. Some subjects involve a great deal of de- 
scriptive matter, and lectures on such subjects have 
their proper place in that kind of work. For my 
part, my tendency is to give less and less descriptive 
work, going into it only so far as to illustrate princi- 
pies. I think we are trying to teach too many things 
in our engineering schools, and that we do not get the 
results that we think we do. There is a great tend- 
ency on the part of all of us to overestimate the 
results we get and the capacity of students we are 
dealing with. "What they need is a few simple prin- 
ciples thoroughly hammered in, and it takes continual 
hammering to make much of an impression. 

I think we need to teach a few things, repeatedly 
illustrating them until they are thoroughly understood 
by the student. With that object, in mind, I think 
that text-books ought generally to be provided, and 
illustrated in the class-room. 

Pbofessob Mabston: I have recently had some ex- 
perience in delivering a course of lectures to engi- 
neering students, the subject being *' Engineering 
History.'* As you know, there is no text-book avail- 
able treating this subject. 

I had believed that it would be feasible to present 
the subject properly to a dass of seniors if in the 
beginning they were given instruction as to the meth- 
ods of taking lecture notes and if the lecturer should 
take pains to clearly outline his lectures and call 
attention to the most important points. 

After examining the notebooks kept by the students, 



196 THB UBOTtTBB IK TBOHNIOAIj EDUCATION. 

I became thoroughly convinced that the method of in- 
struction by lectures should be abandoned as soon as 
it was possible to secure a passable text-book or to 
prepare the lectures in mimeog^aphic f onn. 

There is one possible advantage in connection 
with lecture notes taken by the student, however, 
which is that the instructor who reads them over will 
obtain from them a great amount of very surprising 
information regarding the subject he has been treat- 
ing. 

Pbofessob Nosbis: The lecture is a necessary evil 
in a great many cases, and keeping in mind the prin- 
ciple that the student must be forced to work to get 
hold of a subject, the only excuse for the lecture is 
when it consists in giving instruction for performing 
some mental or mechanical processes. 

Pbofessor Jagoby: In connection with this paper, 
the speaker wishes to call the attention of the society 
to the advantages of having students deliver short 
lectures. This method has been adopted for a part 
of the course in Masonry and Foundations in the Col- 
lege of Civil Engineering of Cornell University. The 
best work on that course consists of files of engineer- 
ing periodicals. The amount of space covered by 
such articles is very large. They are well illustrated 
as a rule and it seems desirable that students should 
become acquainted with these sources of information 
and by having tiie instructor classify and arrange the 
references beforehand, the students may be afforded 
sufficient time to study the references given to him, 
and to prepare illustrations on sheets of manila 
paper. With the aid of such illustrations, he can con- 
veniently give the results of his study to the class. 
Experience shows that very excellent results can thus 
be secured. 
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There are so many good details published for most 
foimdatioii structures that one student can be given 
one part of the structure for consideration and an- 
other a different part so that on a given day they 
can present a thorough discussion of the various de- 
tails, while the instructor calls attention to the prin- 
ciples which are involved in the constructions illus- 
trated. It is of service also to most students by help- 
ing them to give proper expression to their ideas, 
such power being recognized as of much value to 
every engineer. 

It is important to emphasize the point that the 
course must be thoroughly worked out beforehand by 
the professor, arranging the topics very carefully and 
recording them upon cards, so that they may be con- 
veniently assigned to the students. 

Pbofbssob C. F. Allen : I have found that students 
who are given a chance to lecture to the class as Pro- 
fessor Jacoby suggests, often lecture as well as the 
instructor, and in this I have no intention of reflect- 
ing on the quality of the instructor's work, but rather 
to properly commend the work of tiie students. 

Pbofessob Jacoby: It is really interesting to see 
what splendid work can be done by some men, their 
reports being clear, systematic, and well arranged. 
In such cases the students usually applaud them 
heartily when they finish their reports. 

Professor J. P. Jackson: Professor Jacoby 's re- 
marks agree with the spirit of my paper and the other 
speakers, with the exception of Professor Merriman, 
are in fair accord with it. I have such a high regard 
for Professor Merriman 's text-books, which I consider 
unusually good, and which, as he well knows, are abso- 
lutely incomparable with notes taken by students, that 
I think he must have intended to be humorous. 



WHY NOT TEACH ABOUT MEN» THE MOST 

IMPORTANT AND DIFFICULT TOOLS 

AN ENGINEER USES? 

BY JOHN F. HAYFORD, 

Inspector of Gtoodetio Work and Chief of Computing Division, 

Coaat and Geodetic Surrey. 

It is acknowledged at ilie outset that engineering 
courses are already crowded. 

The proposed course, indicated in the question 
'^Why not teach about menf should be put into the 
curriculum of each college of engineering because the 
success of the engineer and therefore his usefulness 
to the community depends largely upon his knowledge 
of men; because the subject matter of the course can- 
not be secured quickly or easily by mere experience; 
because there are teachable fundamental principles to 
be followed in using men; and because of the hi|^h 
cultural value of such a course. 

To say the success of an engineer depends largely 
upon his knowledge of men is no disparagement of 
his engineering knowledge. Engineering knowledge, 
that is, knowledge of the forces of nature and of the 
strength and properties of materials, is of course 
absolutely essential to the success of the engineer. It 
is his especial business to acquire and use this par- 
ticular kind of knowledge. But he acquires and uses 
his engineering knowledge largely through other men. 
Therefore, the soundness of his engineering knowl- 
edge and the eflfectiveness with which he uses it de- 
pends largely upon his knowledge of men. 

To have engineering knowledge does not in itself 
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make an engineer successful or useful in the world. 
He must also have and use the power to pass that 
knowledge on to other men's minds. This convincing 
power on the part of a given man depends largely 
upon his understanding of the man to be convinced. 

The engineer cannot escape dealing with men, as 
well as with materials and forces. You teach the 
student of engineering how to test materials, about 
the properties of materials, and the most effective 
way to use materials. Is it sensible, is it fair to the 
student of engineering, never to say a word to him 
about the best methods of determining a man's 
strength by watching his behavior under the many 
tests to which he is continually being subjected, never 
to say a word about the peculiar characteristics of 
various types of men, and never to call his attention 
to the relation of these peculiar characteristics to the 
most effective way of utilizing the services of these 
men? 

But you may say, and with truth, that the strength 
of a man available to hold him in place and at his 
peculiar work under the petty and oft-repeated 
stresses of every day, and under the great stresses 
of extraordinary occasions, is a rather indefinite 
thing as compared with the strength of a piece of 
steel. The characteristics of each class of material 
are comparatively definite, and easily ascertained, as 
compared with the peculiar characteristics of different 
men. In short, you may say, man is so complex an 
organism, so difficult to understand, and the relations 
of his peculiarities to his efficiency are so indefinite 
that it is not important to teach our students about 
men. Each man must learn for himself, by experi- 
ence, to understand other men. Each must depend 
largely upon intuition in this matter. 
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This is an easy, obvious oonchision. It is the usual 
OQUClusioiiy at which many men stop their Hdntdng on 
the subject. Nevertheless, it is an incorrect conclu- 
sion, based upon a small part cmly of the available 
facts— not on all of them. 

For example, it is also tme that the output of dif- 
ferent men, even in such work as routine computing 
by fixed methods, varies in the tenths, not simply in 
the hundredths; that in positions in which the use of 
judgment in regard to forces and materials is neces- 
sary, the variation in the output of different men 
varies still more; and that, in positions where judg- 
ment in regard to men must be exercised, of two men 
who are at first sight equals, the real output of one 
will frequently be twice or even ten times as great as 
the other. In fact the cases are not extremely rare in 
which the output of a man in an administrative posi- 
tion is less than zero, in which he is a positive dam- 
age to the organization of which he is a part. Be- 
cause men are so extremely variable, even an approxi- 
mate estimate of the capabilities of a given man is 
valuable, and it is important that the principles avail- 
able for making ev^Q this approximate estimate 
should be recognized, studied, and taught to the stu- 
dent of engineering. 

From the mere fact that it is extremely important 
that the engineer should understand men, it does not 
necessarily follow that the student of engineering 
should be taught about men. 

If the subject matter of the proposed course can 
be quickly and easily gained by experience, the course 
should not be put into the curriculum. 

There are many yoimg engineers who are handi- 
capped from the very start because of their ignorance 
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of men, and who never rise above minor positions, 
becanse they never learn by experience that they 
mnst stndy men as well as things. Still worse, there 
are not infrequent cases in which an engineer rising 
becanse of nnnsnal ability in other lines, in spite of 
ignorance of the ways of men, attains to an adminis- 
trative position and in that position deals with men 
so clnmsily and blindly that he partially paralyzes the 
very organization of which he should be tiie leader. 
The fact is that engineers, and others, as a rule, learn 
about men by experience very slowly and clumsily. 

It is especially in the matter of dealing with men 
that many a man of forty or fifty sees clearly and 
with regret that if he could have known at thirty 
some of the things he later learned by bitter experi- 
ence, his usefulness would have been much greater. 

Is it not your duty to the young men of twenty 
who are in your charge as students to wake them up 
to the importance of studying men, and to pass on 
to them some of the concentrated experience of men 
of forty and fifty and sixty years of age, so that they 
in turn may learn by trial and practice between 
twenty and thirty what the men of regrets learned 
between thirty and fifty. 

Teaching is the passing on of concentrated experi- 
ence in the form of principles. Are there no princi- 
ples applicable to the dealings of an engineer witii 
the men with whom he will be brought into touch? 
I believe that there are. 

So far as I know they have not been put into print 
by anyone in definite and concrete form. A proper 
text-book for the proposed course does not exist. 
Many auccessful administrators who are daily using 
the principles in question have never put them into 
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words. Some of these men will tell you that they act 
upon intuition in judging men and in dealing with 
them. 

This has been the situation in regard to many other 
engineer courses at an early stage in their history. 
There was a time when the great groups of principles 
now taught in the courses in masonry structures and 
foundations^ bridges and other framed structures, 
hydraulics and water supply, did not exist in print 
except in a crude and exceedingly brief form. Then, 
the men who were successfully using these prindples 
would have told you that they acted largely on intui- 
tion, based on experience. 

The transition from that state of affairs to the pres- 
ent with its thoroughly organized and effective courses 
has come about largely through the slow but steady 
process of putting into words the principles which 
successful engineers used. In the main, it was the 
teacher who put the principles into words in clear, 
definite, teachable form— not the 'successful engineer. 
The teacher was forced to get the principles from a 
study of the practice of the engineer and from matter 
written by the engineer but not addressed to the stu- 
dent nor well adapted to his use. 

So it must be with the proposed course. The pro- 
fessor who takes it up must expect to find little in 
print in the form in which he needs it, must look for 
his material to the practice of the successful adminis- 
trators and to their writings on all sorts of topics. 
The teacher must expect the successful adnunistrator 
to say that he acts largely on intuition in dealing with 
men. 

Six months ago I happened to be talking over this 
subject with a man who is a good judge of men, and 
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a successful administrator. He stated positively that 
he depended on intuition in judging men. A few 
weeks later I happened to be with him soon after he 
had finished studying a particular man with refer- 
ence to appointing him to an important position. 
Because of my interest in so-called intuition used in 
judging jneuy I asked him to tell me about the after- 
noon he had spent with the man. Superficially^ it 
appeared that the afternoon was merely a social one, 
in which for a considerable time the conversation was 
deliberately steered away from topics related to the 
work to be done in the vacant position. Examina- 
tion, however, showed a deliberate method in the 
afternoon, and the application of reasonably definite 
principles to the study of this particular man. In 
the deliberate leading of the conversation away from 
the special work to be done, and in the careful study 
of the candidate's ideas on many subjects, Ihere was 
a recognition of the principle that the most effective 
specialist is the man who keeps in good contact with 
the world at many points at the same time that he 
brings great pressure to bear in his one specialty. 

There was in the afternoon a deliberate study of 
the motives of the candidate. The principle was 
tacitly recognized that a man's effectiveness in the 
long run depends largely upon the motive with which 
he works, the extent to which he works merely for 
cash, merely for personal success, merely because of 
a liking for a particular occupation, or mainly be- 
cause of a deep desire to be useful in the world. 
While his motives were being studied the candidate 
was purposely led to talk about many other things 
than the main topic. This was a concrete application 
of the principle that a safer estimate of a man's real 
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motives can be based upon indirect evidence than 
npon direct evidence. 

In connection with the candidate's attitude toward 
the vacant position the time when he reached a deci- 
sion was carefully noted. The ideal man does not 
decide until all the evidence is in his i)ossession, or 
if he must decide on partial evid^ice, he makes Ms 
decision tentative. On the other hand, he makes his 
decision with reasonable promptness after the avail- 
able evidence is before him. 

So, too, the candidate's enthusiasm-capacity was 
carefully noted. A man who is filled with enthusiasm 
very quickly and for little cause has a small enthu- 
siasm-capacity and will at some later time be emptied 
of his enthusiasm as quickly and by as small a cause. 

This administrator said he tested men by intuition. 
A study of his own statements showed that his intui- 
tion was largely made up of principles, not clearly 
recognized as such by him, but nevertheless capable 
at least of being put approximately into words. The 
same principles may also be recognized in the actions 
of many other successful administrators. 

Let me give an illustration of the way in which the 
principles which guide a good administrator may be 
found in his writings. 

In his 1905 report, the president of the Carnegie 
Institution, referring to new projects for research, 
wrote: ** Thorough deliberation in preparation and 
energetic patience in execution are indispensable to 
the highest success of such projects.'^ A study of 
his acts shows clearly that it would be a correct quo- 
tation from his mind, though not from his pen, to 
say, ** Thorough deliberation in preparation and ener- 
getic patience in execution are indispensable to the 
highest success of a man.'^ 
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In connection with the proposed course on men^ 
three lines of study should be associated with the 
main line^ biography, the ethics of the profession of 
the engineer, and organization. 

Biography should be studied as furnishing illustra- 
tions of the principles concerned in the main course. 

The ethics of his profession is naturally to be 
taught the student in this connection because it deals 
with his relations to the men with whom he will be 
brought most closely into contact. 

Organization should be studied, because its funda- 
mental purpose is to use men effectively. 

The average graduate's conception of the work of 
an administrator is very far from the fact. He be- 
lieves that the way for a man in a high position to 
get a thing done is to order it done. Poor and indif- 
ferent administrators may do it that way. The suc- 
cessful administrators are men who act on the prin- 
ciple that their business is to administer unto those 
below them in the organization in three ways. First, 
by putting them into such places and under such con- 
ditions that they can do their best; second, by giving 
them the orders necessary to show what is expected 
of them; and, third, to enlist their wills as well as 
their bodies and minds in the work of the organiza- 
tion so that they will do their best. The first and 
third of these the average graduate has never seri- 
ously thought of. He sees in the administrative 
olBcer the man who orders. The successful adminis- 
trator finds his time so thoroughly filled with the first 
and the third kinds of administration, with putting 
each man in the place and under the conditions most 
favorable to his effectiveness, and with enlisting in 
the service the will of the man, that orders fill but a 
small part of his horizon. 
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How much is done in the engineering course for 
which yon are at least partly responsible to give the 
stndent a sensible view of this matter t 

The proposed course will be a difficult one to teac^. 
It requires a knowledge of men to teach about men, 
a knowledge of the unwritten principles of adminis- 
tration to teach administration^ it requires rare tact 
to teach the true meaning of tact But the great 
value of the outcome will abundantly reward those 
who resolutely apply ^^ energetic patience" to the 
overcoming of the difficulties. The outcome will not 
be to make the average graduate at once a master of 
men. You do not expect even the graduate who has 
made a specialty of bridges to be at once an expert 
bridge designer. 

The proposed course will have a hi^ cultural 
value. Properly taught, it will tend to broaden a 
student's horizon and at the same time to make his 
thoughts deeper. It will broaden him because it will 
tend to make him see and pay attention to all phases 
of the men around him, to see and appreciate them 
as literary and artistic men as well as technical men, 
as men of feeling as well as men of thought, as incar- 
nated motives as well as thinking and working ma- 
chines. Properly taught, the course will tend to 
deepen the trend of the student's thought by tending 
to make him look back of the design of a structure 
to the ultimate purpose of the structure, to the man 
who is to use and be served by the structure, to the 
motives of the man, to the great onward movement 
in which the particular man and his motive are but 
a part. 

The course will tend to develop the best in the stu- 
dent by leading him to the thoughtful study of other 
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men. The man who really xmderstands other men un- 
derstands himself. The man who controls other men 
controls himself. The man who develops the best 
that is in the men aroimd him, by an unconscious 
process develops the best in himself. The highest 
type of cultured man is represented by the man who, 
in striving to understand and help his fellow men, 
has used all his powers, and so has developed them 
all. 

In the old, classical, college curriculum, the subject 
matters were largely man, his language, and his 
thoughts. In stating the purpose of the teaching, 
emphasis was laid on the culture to be gained by the 
student. In colleges of engineering, on the other 
hand, the subject matters are materials and the laws 
of nature, and in defining the purpose of the teach^ 
ing the emphasis has been laid upon the word useful 
rather than upon the word culture— a decided im- 
provement. The attempt has been to give the stu- 
dent a useful knowledge of things, a knowledge that 
will be directly useful to him, and make him useful 
to the world. In swinging away from the old cur- 
riculum, the colleges of engineering have gone too far 
in dropping man and his ways from the subject mat- 
ter. Put this subject matter back into the curricu- 
lum, but, in treating it, keep the emphasis on the 
word ** useful.^* Knowledge of men which is to be 
useful must be based upon clear, accurate^ and honest 
thinking. Teach about man with that motive and in 
that way and real culture wiU necessarily be one of 
the results. 

Discussion. 

Pbofessor Abbott: The teaching about men is an 
important phase of engineering education. For the 
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efficient carrying forward of any engineering enter- 
prise, loyal and harmonious cooperation mnst be ob- 
tained. This cannot be done by putting the wrong 
man in the place to be filled, or by hampering tiie 
right man so that he cannot do the work desired of 
him. Mistakes made by displacing men are expen- 
sive whether the man prove unequal to the task or 
an able man be placed in a position below his capa- 
bilities. Granted that a man be in the position best 
suited to his capabilities, there is another condition 
requisite for his highest efficiency, and that is an 
esprit de corps. While intuition may guide many in 
their management of men, yet there is no doubt that 
a person who intelligently understands the funda- 
mental principles would manage more efficiently. 

Pbofessob D. 0. Jaokson: The stirring of the ex- 
ecutive ability and the training of the administrative 
capacity of a young man, we recognize as being the 
most difficult things we can attempt to do in the engi- 
neering college. The administrative capacity has to 
do with the management of men, instead of the man- 
agement of materials, which is the usual object of an 
engineering college course. I doubt whether very 
much in the way of true administrative processes can 
be successfully taught in a fixed college course, how- 
ever well the college is organized. That is not the 
way such a training comes. 

It has been impressed upon me for many years that 
this thing of engineering instruction is a matter of 
research rather than a matter of fixed practice, and 
will remain so for a great many years. Our present 
practice has come upon us by degrees. Dean Tur- 
neaure has been doing a lot of good for the Wisconsin 
students by a few lectures that he has been giving to 
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freshmen and sophomores. These are in the nature 
of personal talks. I do not know just how many he 
gives each year, but there are several. These talks 
are in regard to the ideals and the proper ambitions 
of the engineer, what he should like to be. That kind 
of talks should come to the yoimg men as early as 
the sophomore year, and cannot very well be included 
in tiie formal course. The effect which is desired 
must come from inspiration and reflection, and not as 
a matter of formal study, and right lectures from men 
of the right character will do a great deal. But, at 
the best, there are a considerable number of men in 
college classes whose mental springs are not to be 
deeply affected by any ordinary methods of pro- 
cedure. 

I know that some of my colleagues have done with 
the higher class students as I have done. They have 
talked to their students. I have been very intimate 
with the graduating class for years in one of the 
courses in my college, and I have not hesitated in the 
class room to point out to them their own faults, and 
the faults of young men generally. These students 
hear a good deal about ethics and administrative mat- 
ters and proper executive methods during the course 
of their senior year. Perhaps some may feel that I 
am sacrificing matters I am supposed to teach for the 
purpose of giving these talks. I think it has brought 
good results. Another thing has been to ask one or 
two men in the faculty who have had extended experi- 
ence in employing men to give an hour's talk each, 
and that has been of advantage to the young men. 
The fact that these talks come from different men, 
and are niore or less repetitions, adds much to the 
force with which they strike the hearers. The whole 
effect is good. 
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The colleges are doing much in this direction, bnt 
tfaey must do it by the way of inspiration and sugges- 
tion. It seems to me that the colleges cannot do these 
things by fized courses. For instance, we want to 
put into our men's minds the importance of getting 
along with people successfully by tactful processes 
of the right kind ; we must teach this by tact and in- 
spiration. It takes a lot of tact to do it I doubt 
whether a regular fixed course on adnmiistraticm can 
be handled so as to produce the desired result; but 
this question of engineering instruction is a matter 
of research; perhaps I may change my mind in the 
next decade. 

Pbofbssob Bbaokett: Can any form of student 
organization assist in developing this most desirable 
quality! 

Pbofbssob Mabvin : Entirely different from this last 
point, present practice demands graduation from the 
good technical schools on the part of young people 
who are seeking positicms. That throws the respon- 
sibility back upon the school and one of the modifica- 
tions of engineering instruction must result in better 
pay of teachers, especially among the younger teach- 
ers. It is one of the problems that all of the schools 
have to meet every year, to find the right kind of 
young i)eople to place in the lowest grades of in- 
structors. The salaries offered are not high enough 
to induce the best kind of people to apply or to keep 
them long when appointed. Both the public and the 
financial administrators of our colleges need education 
on this point Freshmen need wise and exi)erienced 
teachers as much or more than do jimiors and seniors, 
yet it is too commonly the practice to put them in 
charge of those of inexperience. 
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Pbofessob Magbxjdbb: We have heard a great deal 
of the additions which should be made to the curricula 
of our colleges in the way of courses in business train- 
ing, law and philosophy. At previous meetings we 
have heard much of the same Mnd. In technical and 
trade papers, we, mechanical engineers, have been 
told that we should ^ve courses in the details of 
steam piping, ventilation, heating and refrigeration, 
and occasionally we are almost held up to scorn and 
ridicule. I have yet to learn of a helpful suggestion 
as to what we are . to eliminate either in whole or in 
part, or what modifications we can make in our pres- 
ent courses under existing conditions. With most of 
us we cannot increase the requirements for admission, 
as we are forced to get our supply of students from 
the graduates of our best high schools. At present 
there is little use in talking about making the course 
five years in length; and there is no way known by 
which we can put more than 365 days of 24 hours 
each into a year, unless it is a leap year. Have we 
not reached the limit of the cramming process and 
should we not keep in mind most clearly and for- 
cibly that our chief business as engineering educa- 
tors is to educate our students and to train them in 
the everlasting principles of the engineering profes- 
sion and to leave the furbelows and details to the 
future! We cannot do it all in four years. We 
should leave something for the foremen, superintend- 
ents, chief engineers, general managers, who come 
after us; and we should strive to create in the mind 
of the student a desire for more education rather 
than a feeling of surf eiture. 

Mb. Hayfobd: Taking the last speaker's statement 
in its extreme form it would seem to indicate that 
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first come, first served^ is the rule to follow ; or things 
which are in the prescribed course first stay in. The 
question ought to be held open permanently, whether 
some other things should be put in and something 
else taken out. I simply want to be in protest against 
closing this question. If what is in must stay in, 
there is not room for anything else. The situation is 
that what is in and proven for years to be good, is 
probably the best. The man who proposes some- 
thing else ought not be ruled out on the start But 
the burden of proof fi^ould be put upon him. 

Pbofessob C. F. AiiLEK: Slightly on the other side, 
and in a little different form, somewhat in agreement 
with Professor Magruder, is it not true that the an- 
swer then must be— if advance in practice brings so 
many things before us I then must give up the idea 
of trying to meet these details, and settle down to the 
basis that modifications must be backwards in the 
direction of simplicity f A great multitude of good 
things forms an argument against reaching out too 
far. If it is impossible to reach all, then attend to 
what you ought to, the substantial principles. It will 
be an opportunity for what Mr. Hayford wants, but 
the work should be of the basic sort. Most of our 
engineering schools are already going too far and the 
argument is towards simplicity. 

Professor R. C. Carpenter: I believe that all of 
the college courses should be modified at quite fre- 
quent intervals to suit outside requirements ; when we 
learn from our graduates who are out in competition 
with other engineers that the training which they 
had was deficient in some particular thing, we look 
around to see what can be done in our course of in- 
struction to remedy it. I believe such tests are ap- 
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plied in all engineering courses. We have been study- 
ing over the question of amendments to our course 
for the last three years nearly constantly. We have 
had an opportunity to make some changes due to 
advancement of our entrance requirements, which has 
enabled us to require the high school to teach some 
subjects heretofore taught in college. By having the 
language work done in the high school we have gained 
a good part of a year and are able to cover the broad 
technical studies by the end of the junior year, which 
leaves practically all of the senior year for advanced, 
special, and elective studies. This has also permitted 
us to put into the last year several elective technical 
courses which we had not taught heretofore. We 
feel that these changes will result in an improvement 
over our previous work and that our men will be 
better fitted than before for active engineering busi- 
ness. I append a copy of the course as recently 
modified. 

SiBLET College, Coubses in Mechanical Engineering Leading to 

THE Degsee of Mechanical Enginebb. 

All courses taught in Sibley College of Mechanical Engineering and 
Mechanic Arts are identical for the freshman and sophomore years. 

Beffular Course, 

The letters and figures relate to the departments and courses in Sibley 
College. 

Freshman Year. No. of Course. 1st Term. 2d Term. 

Analytic Geometry 2 5 or 5 or 

Differential Calculus 2 or 2 or 2 

Integral Calculus 2 or 3 or 3 

Chemistry c. 1 6 or or 6 

Physics p. 1 or 4 4 or 

Physics p. 6 or 2 2 or 

Descriptive Geometry c je. 9 2 or or 2 

Drawing m.d. 1 3 or or 3 

Pattemmaking m.a. 1 or 4 4 or 

Shop methods m.a. 2 or 1 1 or 

Military Drill 1 or 1 1 or 1 
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Bophonore Tear. No. of Coone. lit Tsm. 2d Term. 

Mechanics of Engineeriiig o A 20 6 or 6 6 or 5 

Physical Laboratorjr 8 and 14 8 or 3 . . 8 orS 

Chemistry 6 6or0 Oor5 

Kinematics kj>. 6 or 2 or 2 

Drawing XJ). 5 8 or 8 Zotl 

Materials ZA 5 2 or 2 OorO 

]«*oundry x^ 6 Oor2 2orO 

Forge U.A, 8 Oor2 2orO 

In addition to the above three hours per week oi either Military Drill 
or Physical Culture must be taken. 

OouneB for the Junior Tear, 

The courses in Electrical Engineering, in Railway Mechanical Engi- 
neering, in Mining Mechanical Engineering, in Chemical Mechaniol 
Engineering and in Physical Mechanical Engineering are all identical 
with the Regular Course throughout the funior year. The courses in 
Nayal Architecture and Marine Engineering are different from the 
Regular Course as shown by the note following the schedule of studies. 

Regular Course. No. of Course. 1st Term. 2dTeim. 

Steam Machinery P.B. 10 4 or or 4 

Electrical Engineering Laboratory b.xjb. 10 2-2 2-2 

Electrical Machinery ejc. 11 and 10 ^4 4-0 

Machine Design 

(a) Lectures and recitations . . . k.d. 16 8-3 8-3 

(6) Drawing m.d. 10 2-2 2-2 

Mechanical Laboratory X.E. 11 8-8 3-3 

Machine WoA ujl. 10 2-2 2-2 

Principles of Bfanufacturing mjl. 11 2-2 0-0 

Hydraulics ox or 2 or 2 

Courses for tKs Benior Tear, 
Senior Year. All Courses except- 
ing Naval Architecture (D). No. of Course. IstTerm. 2d Term. 

Steam ii^ngineering p j:. 20 8 

Mechanical Laboratory X.E. 20 8 8 

Electrical Laboratory B.X.E. 28 or 20 ... 8 or or 3 

Thesis or substitute elective 
studies as approved by Sibley 

Faculty (maximum) 8 

In addition to the above each student in his Senior year must com- 
plete one of the following groups of studies A — I (accept D) : 
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A. Mechanical Engineering. 

No. of Course. let Term. 2d Term. 

Steam Machineiy Design px. 21 3 3 

Designing and Drawing P j:. 22 . 3 3 

Design Elective 

Elective (see list) 2ord 3or0 

B. Mechanical Engineering. 

No. of Course. Ist Term. 2d Term. 

Machinery and Machine Tools m.d. 22 2 1 

Designing and Drawing kj>. 2S 3 3 

Design Elective 2 

Elective (see list) 4 or 7 3 or 

Elective Studies In Mech. Engineering. No. of Course. Ist Term. 2d Term. 

Pumping Machinery pjc. 24 3 

Power Plant Installation zjb. 21 1 

Motor Car Construction xjc. 26 . . 1 

Internal Combustion Motors '. . x.e. 24 3 

Internal Combustion Motor Design pjb. 25 ...... 2 

Engine Handling xj:. 23 1 

Engineering Research x.E. 22 3 3 

Physical, Chemical or Electrical Laboratory 3 

Heating and Ventilating xje. 25 2 

Besistajice and Propulsion of Ships .... njl. 11 2 

Experimental Tank N jc.e. 27 1 

Motor-boat Design n.a. 23 1 

Refrigerating Machinery xjc. 30 1 

Steam Boiler Design pj:. 23 2 

Steam Turbines mab.e. 21 2 

G. Electrical Engineering. 

No. of Course. 1st Term. 2d Term. 

Electrical Engineering Laboratory e.x.e. 28 or 3 3 or 

Electrical Engineering Lab. Rec. . ejle. 28 1 1 

Electrical Engineering e.e. 20 2 2 

Electrical Engineering ej:. 21 2 1 

Elective 3 1* 

D. Naval Architecture. 

No. of Course. Ist Term. 2d Term. 

Steam Engineering p.e. 20 3 

Mechanical Laboratory x.E. 20 3 

Electrical Engineering Laboratory .... ejc.e. 28 3 ^ 

Ship Design and Construction if .a. 20 3 4 
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NateI Ardiiteefcim x jl SI 2 2 

PropeUing Mftehineiy and Equipment . uamm. 20 2 

Steam Turbinet maba 21 2 

Experimental Tank hjul 27 1 1 

8paeificati<m0, Contraeta and Coat Siyvtema k^ 22 1 

Blectiyea (inelnding Theaia) 8 

E. Marine Engineering. 

NaofConne. let Term. 2d Term. 

Propelling Machinery and Equipment . siabjl 20 6 4 

Bteam Tuibinea habjb. 21 2 

Naval Arehitecture ]r.A. 20 and 21 1 1 

Naval Arehitecture V.A. 11 2 

Experimental Tank k.xjb. 27 1 

Specificationa, Contracts and Goat Syatema vjl, 22 1 

Theaia or other Eleetivea MAB.B. 22 7 

F. Railway Mechanical Engineering. 

Na of Course. IstTsmi. 2d Term. 

Railway Machinery B. 20 4 4 

Designing , B. 21 4 

Railway Club (electire 2d term) . , n. 22 1 (1) 

Locomotive Testing (elective) m. 23 (1) 

Electric Railways sjl 20 2 

Electives: Lectures, Designing b. 30, 81 .3 

G. Applied Physics. 

NaofCovrse. IstTerm. 2d Term. 

Alternating Currents Physics 33 2 

Electrical Measurements Physics 34 3 3 

Physics of Trans, of Intelligence Physics 41 1 

Elective as approved by Sibley Faculty 3 3 

H. Chemical Engineering. 

IstTerm. 2d Term. 

Courses aa arranged for with Department of Chemistry . . 9 6 

L Mining Engineering. 

IstTerm. 2d Term. 

Geology and Mineralogy 4 3 

Chemistry and Metallurgy 5 3 

Pbofessoe Mabston: During the past year the 
school with which I am connected has been thoroughly 
revising its engineering conrses. We had a special 



WHY NOT TEAOH ABOUT MBNI 217 

committee of the faciQty prepare statistics of the 
engineering courses of a number of the leading schools 
of the country, tabulating the essential features. We 
were interested to find that these schools were gener- 
ally in accordance as to all the essential features of 
their engineering courses. 

In studying the possibility of improving our engi- 
neering courses we found it very dilfficult to make any 
radical changes which would probably be improve- 
ments. However, in addition to rearranging the 
course so as to secure uniformity as to the number 
of credit hours in the different semesters, and uni- 
formity to such extent between the different engi- 
neering courses as seemed feasible, we did introduce 
two or three changes of a general nature. 

As the nxmaber of our engineering students has 
very rapidly increased during the last few years, we 
have experienced a difficulty in securing the personal 
contact between the students and the faculty which 
with smaller numbers of students was so great an ele- 
ment in our educational work. The loss of this per- 
sonal acquaintance must in some way be made up, 
and we are trying the experiment of introducing 
technical lectures throughout the freshman and sopho- 
more years, delivered by the different members of the 
faculty. We are adopting this name of ** technical 
lecture '^ for want of a better. They are, to a large 
extent, heart to heart talks in which the instructor 
or professor gives the student many ideas and sug- 
gestions connected with the engineering profession 
and with life in general. 

In the junior and senior years the engineering sem- 
inar, in which the student becomes himself the lec- 
turer, takes the place of the technical lectures of the 
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freshman and sophomore years to which I have just 
referred. It is the intention to conduct these semin- 
ars as nearly on the basis of an engineering dub as 
possible. 

We find in revising our engineering courses that 
there has come to be much demand for instruction 
which will help to fit men better along business lines 
in engineering. We have introduced a course of in- 
struction in specifications and contracts, given by one 
of the professors who is a practising engineer, to 
partially meet this want. 

We also feel it in the air that the tendency in all 
engineering courses must be to broaden out the work, 
not merely by introducing general culture studies, for 
which there is, in fact, little room, but by broadening 
the technical instruction itself. We see no reason 
why a study of engineering history might not have as 
much cultural value as the study of general history, 
nor why the study of railway administration might 
not be as valuable training as the study of some text- 
book on political economy. 

Pbofessob Jacoby: There is one point, not as im- 
portant as some others, which the speaker thinks 
should be considered in view of the pressure which 
is brought to bear on the introduction of new work. 
It is necessary to emphasize the fact that the amount 
of material our best students can assimilate is fre- 
quently overestimated. During the past year an 
effort has been made in the college represented by 
the speaker to reduce the hours of work. It should 
always be kept in mind that there is a great deal of 
study to be done by our graduates after they go o# 
into practice and it is of considerable service to them, 
while lectures are delivered on a particular course. 
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to indicate directions in which further study may be 
profitably pursued, giving suitable reference for the 
purpose. The young graduate may be able to get 
some help in this direction from those with whom he 
is associated professionally, but generally not as much 
as he should. In the preparation of text-books au- 
thors should also bear in mind the value of giving 
references to other similar works, to encyclopedia, 
transactions, engineering periodicals, etc., so that the 
student can follow up any subject advantageously. 

Professob Waldo: One subject has been touched 
upon which is of vital importance to us all and that 
is the cultivation of English. K, in some way, we 
could make our technical students masters of pure 
idiomatic English, I feel quite sure that the demand 
for the A.B. course, as underlying the technical 
course, would very greatly disappear. Such a com- 
mand should come from proper training at home, in 
the grades and in the live languages. 

Pbofessob B. C. Cabpenteb: I believe that our stu- 
dents do not receive sufficient practice in the use of 
English. We have been trying the last four or five 
years to remedy this deficiency in our course of in- 
struction by having students write full laboratory 
reports, which are corrected for English composition 
as well as engineering matters. All students are 
required to write quite an extensive report at least 
once a week ; that has given us some opportunities for 
extending our course in English, which we are trying 
to take advantage of. 

A Membeb: It is my custom in all examinations in 
technical subjects to reserve twenty per cent, of grad- 
ing to completeness of the answer, systematic arrang- 
ing of the matter, capitalization, handwriting and 
spelling. 
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Pbofb880r Mbbkemak: As one of the members of 
the committee which presented the report to '^Con- 
sider the Publication of a Biography of the Engineer- 
ing Profession,'' I wish to say that it was prepared 
with considerable deliberation and we believe the 
recommendations to be sound. It is a matter of re- 
gret that the program of this meeting does not con- 
tain any papers of a historical character. It has been 
said that some professors give to their classes lec- 
tures on the history of engineering. If these lectares 
could be given at our annual meetings or be printed 
in our proceedings, it would be of interest and value 
to us all. In this connection I note that last week, 
at the annual meeting of the American Society for 
Testing Materials, Professor Lanza read a paper 
containing accounts of the life and work of several 
deceased investigators whose labors on the strength 
and mechanics of materials were of special value to 
the engineering profession. This paper is a valuable 
contribution to the history of American Engineering,, 
and it is to be hoped that similar ones on other lines 
of work may be prepared by our members. 

Pbofbssob C. F. Allen : Those of us who have been 
present at most of the meetings of the society will 
remember that occasionally a pessimistic view has 
been advanced that the subjects have been threshed 
over pretty generally and all the ground has been 
covered so that on the whole this society was not 
worth while. Whoever made such a remark did not 
anticipate the presentation of a paper of this sort. 
It covers new ground and I do not see how we can 
readily escape the conclusion that this paper presents 
to us some views that we cannot afford to push aside. 
It seems to me that we must do something iq some 
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way in recognition of what this paper points out as 
our duty. I take it for granted that it will give us 
a lot of trouble if we try to follow it out and I do not 
know what success we will have in starting in with it. 
It seems to me that it is right. It occurs to me that 
the successful teacher whose duty and whose habit is 
to study character, to study men, is to that extent in 
a position to make progress further in the direction 
of formulating some rules as suggested. The fact 
that in teaching it is absolutely necessary that we 
should make the study of men before us is a point 
of advantage, and certainly commends itself to me. 

I have found myself thinking that the author of 
this paper, while pointing out the fact that the man 
who studies men is developing himself still further 
for his regular business duties, the author of this 
paper failed to make the point that he is preparing 
himself also for the most useful citizenship, a point 
certainly to be included. The man who is able to 
administer laws and control the men with whom he is 
in business contact ought to be most successful in his 
social and political relations, which are all duties 
which every educated man ought to assume. 

Propbssob R. C. Carpenter : I believe all of us have 
experienced many of the disadvantages which have 
been referred to and I think we all feel the impor- 
tance of knowing our men and of having students 
know men. It struck me, however, that many of the 
things referred to are things which can come better 
after he has left college than while in college. I 
think we might make a great many mistakes and I 
doubt if men would be more useful with the course 
of teaching suggested than with that in force at the 
present time. The success of the young men in out- 
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side work depends upon ability to handle men and to 
get along with them, and I believe in pointing out 
administrative methods^ An engineering college has 
but a limited time and unless the men are better 
trained before they come, it must confine itself to 
ragineering matters. If we should undertake to teach 
the many outside things we should be taking up the 
time that the men could not afford to spare, and we 
could not fit him for the duties which as an engineer 
he is certainly to find awaiting him. 

I do not question the importance of the proposed 
courses, but I do doubt the wisdom of cutting out any 
of our present studies for a course of training as pro- 
posed, which I believe can be better obtained out than 
in college. 

Pbofessob Tx7bneat7be: This paper formulates, I 
believe, a little more accurately than has heretofore 
been done, some things that are apparently '^ in the 
air." They have been touched upon at this meeting 
under the head of philosophy and have been men- 
tioned by several who have discussed various papers. 
The education of a young man in the knowledge of 
his fellows and in his attitude toward life g^ierally 
is undoubtedly a very important thing. The only 
question is how this can best be done. Some promi* 
nent college presidents are evidently attempting to 
partially solve this problem through the establishing 
of the dormitory system. The idea underlying this 
proposition is that the young man will become better 
acquainted with his fellows xmder this system than 
under the more common system of separate boarding 
houses. This intimate contact of students is certainly 
a valuable aid in inculcating this knowledge of men 
about which we are talking. It is possible that we 
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will, in the near future, formulate some course of 
study which will accomplish these results, but we do 
not feel at all sure of this. I am not very enthusias- 
tic over the idea of giving the freshmen or sopho- 
mores a prescribed course in logic, or philosoj^y, or 
in the handling of men, particularly if such a course 
is given by a professor with only limited experience 
in the conduct of engineering work. I believe that 
the most that can be accomplished at the present time 
is by the introduction of such incidental instruction 
and suggestions as mentioned by Professor Marvin. 
This method has been considered to quite an extent 
in the University of Wisconsin during the past year. 
One of our professors who has had a large practical 
experience gives a course in contracts, and utilizes 
this course in much the same way as noted by Pro- 
fessor Marvin. His experience in this direction has 
been very satisfactory and has led us to consider quite 
seriously whether this particular course should not 
be enlarged for the purpose of introducing more good 
sort of instruction. 

Professob MoNaib: I have been very much inter- 
ested in this paper. Any one who has been in close 
touch with graduates who have gone out from his 
school in the last ten years must recognize the per- 
' tinency of its subject. Whether he agrees with the 

conclusion is another matter. In the Michigan Col- 
^ lege of Mines, I suppose the author would agree that 

i we are doing something of what he wishes. In two 

^ of our chief lines of work we are already giving 

^ courses in organization which deal to a considerable 

^ extent with administration, although I must say that 

( the stress is put more on machinery of administration 

( than what might be termed its philosophy. 
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Something of this sort is in the air. If you talk 
with men out in practice as I have done in the last 
three or four years you will find a good many of them 
wishing they could have been given some insight into 
the handling of men before leaving college. If you 
ask those men what the college can do, you will ftnd 
that they are not in a position to formulate very much. 
Several of our own graduates, and many others agree 
with them, have in the last two years gone this far. 
They have said, ^^I think you might have pointed out 
to me some of the mistakes which I was liable to make, 
some of the mistakes which I did make in my first 
contact with men." One of these men, out ten years, 
gave me an incident, occurring in his first two or three 
years, in which he had failed to handle men. He 
studied his fellows in college and got along with them 
well. Out in practice his first contact with men where 
he was compelled to influence them was with a gang 
of laborers with which he was set to accomplish a 
certain piece of work. He failed so completely that 
he did not stay long with that particular employer. 
He went into other work, avoiding responsibility for 
labor until he learned how other men handled labor- 
ers. He is now a successful administrator in charge 
of a large force of men. He thinks we might have 
saved him his first failure by impressing him with the 
necessity of studying laborers and especially the 
methods of successful foremen beginning with his 
first opportunity, a necessity appreciated by him only 
when he found laborers could not be handled as could 
men of his own kind. 

I am willing to admit that we can do something to 
help our graduates avoid the mistakes that they are 
most likely to fall into when they first start out As 
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to putting in a coarse, I think the best work can at 
present be done in connection with courses which are 
already given by men who have had experience in 
the world and know what the world is like. 

PiiOFESsoB Landbeth : From the standpoint of engi- 
neering education, this paper presents the most im- 
portant topic discussed for a number of years. I 
accept the assumption made by the author that prog- 
ress cannot be made without criticism of our work 
and asking whether by changing of curriculum we can 
improve conditions. The idea that the curriculum 
exists, therefore it is the best, is the most fatal mis- 
take that we can take. How can we prevent this 
result? The desired ends can be obtained, it seems 
to me, either by substitution or extension in the pres- 
ent curriculum. I am not sure that a remedy will be 
found in either of these. It may be possible to ex- 
tend the course from four to five or possibly six years. 
There are some factors that are going to make that 
unavoidable in the future. We appreciate the neces- 
sity for a great amount of training in our engineers. 
I am in sympathy with more culture. I think we can 
accomplish those purposes without spoiling the engi- 
neers. If we wait until tiie man has completed the 
engineering course, we have gone past the point to 
lay the foundations of engineering, in addition to 
methods of thought which are essential, which are not 
inculcated if we begin too late. On the other hand, 
we cannot do without the training. The man is to be 
congratulated who can determine in advance whether 
he can spend five or six years in the correlation of 
his education, so that his training in culture can begin 
with his training in engineering. That gives oppor- 
tunity for doing special work on topics which are 
pertinent to the work of administrative training. 
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I do not believe in the elective system withont oon- 
troL The electives are liable to be chosen badly by 
students on account of their want of knowledge of 
relations of one topic to another. If we arrange a 
series of optional subjects, then he is in less danger 
of making mistakes by selection. 

At Union College we follow this latter idea. At 
the end of the first year students are allowed to make 
a selection from the options of the course. We have 
omitted from the course those subjects which are not 
liable to be needed, and in place thereof we give more 
work in history, sociology, financial operations and 
administration. 

I am heartily in sympathy with the author of the 
paper in the feeling that these principles can be for- 
mulated in definite form because I know they can. It 
is simply the difficulty we all go through. We know 
by experience that science evolves from facts. In a 
successful course in organization we have not yet goj; 
to the facts. 

Fbofessob Swain: This paper is a very suggestive 
and interesting one. I think its principal value to us 
is in making us see more clearly that we ought to be 
something more than mere teachers of our special sub- 
jects. We ought to stand before our students, having 
for our duty to enlarge their minds, point out lessons 
from our own experiences, and to help them to grow 
both mentally and morally. I have been accustomed 
to interrupt my lectures at any suitable point to bring 
in experiences, or anything that would point a moral. 

A good deal has been said in regard to the fact that 
some graduates come back after fifteen or twenty 
years and ask why we did not do something which 
would have prevented them from making mistakes, 
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or why we did not include some other subjects in the 
course. The fact is that the men who make such 
remarks would have failed to appreciate the matter 
in their student days; one of the principal problems 
before the teacher is to make the student wake up and 
realize. In this we do not often succeed. 1 take my 
last lecture hour and devote it to the very things Mr, 
Hayford has referred to; that is a short time, but it 
is not the only time given to the subject during my 
course. I tell my students about the ethics of engi- 
neering, about the relations they bear to their employ- 
ers, their attitude toward the man to whom they have 
applied for a position and during the time they are 
waitiQg to hear from him, and such topics. Last year 
it was only twenty-four hours after one of these lec- 
tures that one of these students broke, in a shameful 
way, one of the very rules I had endeavored to im- 
press upon his mind; and he received a very pointed 
reprimand from an engineer to whom he had applied 
for a position. It is unfortunately true in regard to 
the philosophy of life that most of its precepts can 
only be learned by dear experience in the case of 
most men; and, while the subject, in a way, can be 
taught at school, it makes but little impression. After 
making mistakes ourselves, and feeling the loss it 
occasions, then we really learn the lesson. I am a 
great believer in the discipline of experience. Nev- 
ertheless, I think a teacher may take advantage in a 
course of instruction of suitable points where he cah 
develop moral lessons which will perhaps make some 
impression, but I do not think that at present we are 
prepared to give a course in such a subject in our 
engineering schools. 

Professob Mabvin: There are two or three points 
which I would like to touch upon in this connection. 
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When the average young man thinks that he is 
being lectured to in a premeditated sort of way, he 
becomes somewhat resistant. He is averse to being 
advised. A gentleman of my acquaintance had a boy 
who would not do as he advised and desired. When 
remonstrated with for treating his father's wisdom 
and experience so lightly, the young fellow said that 
he just had to find out things for himself. 

There are two points of attack that an instructor 
may find vulnerable. The young men that we have 
to do with, as a whole, are sound in mind and heart 
and when a direct appeal is made to their higher 
sense of what is just and right and fit, one is able 
to touch a responsive chord. The other point of con- 
tact makes use of self interest and is one that api>eals 
to every young imagination looking forward to a 
career. A peering into the future to catch a glimpse 
of themselves as real workers in the world, to see 
what they are going to be and do, what power and 
place or station they are to hold— these things inter- 
est young men strongly. One might be called the 
ideal method of attack, the other the commercial; but 
they are both legitimate and both useful in yielding 
results, whether dealing with an individual case or 
with a class, provided that there exists a close con- 
tact between the mind of the teacher and that of the 
pupil and some personal power and magnetism on the 
part of the former. 

In my own experience, I have found that the most 
profitable medium through which to influence a class 
along these lines we are discussing lies in a course in 
contracts and specifications. In a course covering 
daily work for ten weeks, the young men get a fair 
insight into contract law, some knowledge of the 
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forms of specifications and a respect for the skill and 
experience which lies back of their writing. But they 
get mnch more than the technical side of the subject, 
for there are constantly coming up in class questions 
of morals, of the right and wrong of things; matters 
affecting their own relations to society and to their 
fellows; matters of professional ethics and conduct. 
Placed as it is, near the close of their college life, 
when the next step is into the midst of the very things 
that are matters of discussion in the class, students 
become vitally interested and perhaps for the first 
time, with some, they realize that after aU right thinks 
ing and doing has something to do with real life, that 
perfect integrity is the real nest-egg of their profes- 
sional capital. 

In some places this course is given by a lawyer, 
but, in my judgment, while the lawyer undoubtedly 
would give the sounder technical instruction, it is not 
the lawyer's point of view that will yield the best 
general results, unless he be specially qualified 
through a wide knowledge of engineering practice and 
a willingness to deal simply with general principles 
rather than technical details, and is also glad to use 
the opportunity to force home those things, so easily 
and appropriately introduced, which make for 
stronger and better manhood. ^ 

Pbofessob Waldo : Could not the subject under dis- 
cussion be profitably enlarged to include several other 
things f The duty of our graduate to the engineer 
or corporation that employs him! His duty to the 
public? His duty when loyalty to his employer and 
public duty conflict! Is he ever justified in putting 
defective workmanship or material into his structure 
for the immoral profit of his employer! Cannot our 
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students be fortified in right acting when crises like 
these occur in their graduate experience t 

Pbofessob J. P. Jackson: The results of this dis- 
cussion may suitably be sununarized thus: If the 
deans of the schools of engmeering in the United 
States should be given full authority to personally 
employ all the instructors under their direction and 
should, when making the contracts, let it be under- 
stood that such instructors are not only to teach ma- 
chine design, dynamo madiinery, etc., but also to 
teach character, purity of morals, and more particu- 
larly the philosophy of the Good Samaritan, their 
graduates not only will be able to deal with men, but 
will be able to do so in a way to do the best and high- 
est good. 

Pbofessob C. F. Auubn: I do not feel at all sure 
that a special course should be given in this subject, 
but I do believe that the student's mind should be 
called very distinctly and directly to the fact that he 
must study men as well as other materials that he has 
to do with. The presentation of two or three lectures 
or even one would do a great deal to call attention 
of the students to that phase of his work. It is at 
present my intention with Professor Swain's approval 
to read to my class Mr. Hayford's paper as a good 
start in the way of calling attention to the students 
to the importance of the study of men ; my impression 
is that after reading his paper I shall be a little 
ashamed to drop the matter there and not do any- 
thing more with it. A short course of two or three 
lectures is likely to come later. 

Pbofessob Bbackett: To give the students of ad- 
vanced classes the actual experiences of recent gradu- 
ates seems to me a very eflfective method of impress- 
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ing upon the individuals what will be expected of 
them when they begin practical work. A definite 
statement of the successes and failures of a man, who 
is probably well known by many of those addressed, 
even though his name is not presented, seems to most 
persons much more real than what may happen in the 
future to some one of their number. 

We believe it a good plan to keep in close contact 
with our recent graduates; to get them to write us 
freely and fully about their early experiences. Then 
we use these experiences, stated anonymously of 
course, to both warn and encourage our undergrad- 
uates. 

Peofessob C. M. Woodwabd: I was delighted with 
the paper. I enjoyed the discussion. I have always 
felt that one's duty as an instructor was not limited 
by the subject in the catalogue. He should always 
be a leader and I believe that the suggestions of 
to-day we shall carry home with profit. In Washing- 
ton University it is my custom to give a short address 
to freshmen the day tiliey enter. I talk to them about 
their life in the institution and their relations to each 
other. I try to put them in sympathetic attitude with 
their work. I give a course, one every semester, eight 
lectures in all, gradually talking along in the work they 
are doing and in the responsibility that they are be- 
ginning to carry, and end up with the final talk which 
may cover two hours, if necessary, in telling them the 
whole story of their relations with the men around 
them, under them and over them, and their duties to 
the public. I think it is an immensely important sub- 
ject. This is the humanities side of our course. This 
gives an opportunity to get after the men; to train 
them with regard to proper relations wiih other men. 
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It is a fine thing in education; no system is complete 
without it 

Mb. Hayfobd: In closing I will touch npon a few 
points only. 

I am delighted to see in this discnssion signs that 
indicate that teaching of this kind is already in prog- 
ress, and still more delighted to see that more will 
be done in the future. 

In regard to one thing that Professor Carpenter 
said— looking at the matter from the point of view 
of one who is brought into contact with young men-* 
I disagree with the proposition that the man who is 
to handle men should begin studying them after he is 
out of college. It is a costly process to learn from 
your own experiences rather than from the experience 
of others. The training referred to makes politicians 
out of men in college. It does not appeal to me as 
being of very much value, because it is mere play- 
training with little resemblance to outside conditions. 

Professor McNair indicated that there are certain 
class of mistakes men make in the first three or four 
years. The warning of young men against these mis- 
takes is a good thing. It is a better thing then to 
add to that warning reasons why these mistakes arose. 
You can make these warnings more effective if you 
show the reasons for them. A broad statement of the 
case to be given to students is better than the specific 
warning against mistakes. 

Professor Swain's talking to that student did not 
prevent his making the mistake. But the important 
question is whether that student appreciated the rep- 
rimand from the man better than he otherwise would 
because the professor had talked with him before- 
hand. 
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I agree that it is not necessary to have a separate 
and distinct course. Yon may bring in this teaching 
along with other things. I appreciate the force of the 
suggestion that as soon as you lecture to a man on 
anything connected with morals, his resistance in- 
creases. You must perhaps teach this subject in con- 
nection with something else. I see the necessity for 
the teaching clearly, it is for you to find out how to 
teach it. I do not claim to have a clear insight into 
the proper method. 

As Professor Jackson said, to teach tact is perhaps 
the most difficult task a teacher can put before him- 
self. To develop administrative ability after a man 
gets out is also an extremely difficult task. 

When you approach any other line of teaching, you 
approach it directly. What is there peculiar about 
this particular line that makes it certain that when 
you attack it, you get at it indirectly. Perhaps that 
is the right way, but I am not yet convinced. 



THE WORK IN THE MECHANICAL AND 

ELECTRICAL LABORATORIES OP 

SIBLEY COLLEGE. 

BY R. C. CARPENTER, 
Professor of Experimental Engineering, Cornell Universitj. 

The principal excuse for this paper is the location 
of the meeting of the Society for the year 1906 at 
Cornell University. This paper is intended to point 
out the general plan of organization and to describe 
the methods of instruction which apply to the Sibley 
College laboratories. 

As a preface, it may be stated that the work in the 
laboratories is given a very prominent place in tiie 
course of study which has been adopted. In addition 
to the service for research and investigation, it is 
expected that the laboratories will in a large measure 
train the undergraduates so as to fit them better for 
investigation and research and for practical engineer- 
ing work after graduation. As the amount of time 
which each student can possibly devote to this work 
is limited, a systematic scheme has been gradually 
evolved as the result of experience for conducting 
these experiments, for taking a certain number of 
observations in a limited time, and of writing out a 
full report of the experiment under the prescribed 
conditions and rules. 

No argument will be advanced as to the value of 
this system as compared with some other way of 
doing the same thing, as it is extremely possible that 
under different circumstances and conditions very 
different methods would give better results. It is 
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intended to point out merely the method here used 
of carrying on the laboratory work rather than to 
offer arguments as to the desirability of this or some 
other scheme. 

Laboratory Organization.— It may be interesting 
first to consider the organization which has charge 
of the laboratory work. The laboratories are in the 
general charge of the department of experimental 
engineering, which also gives instruction in certain 
practical studies which the members of the depart- 
ment are specially well adapted to carry, but its ener- 
gies are devoted principally to the laboratory. The 
Sibley College laboratory has two branches, one me- 
chanical, the other electrical. The laboratory organi- 
zation is in the general charge of the professor of 
experimental engineering, each department being in 
special charge of an assistant professor of experimen- 
tal engineering, with a sufficient number of instructors 
to give the necessary instruction to the students. 

Nature of the Laboratory Work.— In each labora- 
tory the work is of two kinds which I will designate 
as, first, required undergraduate work, and, second, 
research and investigation. The required under- 
graduate work is taken by the students in the junior 
and senior years and is intended to train them in the 
application of theoretical principles, in habits of 
accurate observation, in methods of handling and 
operating machines, in drawing conclusions from 
experimental data, and in the writing of reports in 
good English. The field which it is intended to cover 
is a very broad one, extending over methods of test- 
ing materials and of machines in nearly every branch 
of mechanical and electrical engineering. 

During the past year about 500 men registered for 
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the work in the mechanical laboratory and about 250 
in the electrical laboratory. These relative numbers 
will remain about the same next year, after which the 
registration will become equal in the two laboratories 
due to the change of course which was made about a 
year ago. 

In order to give the undergraduates as much lab- 
oratory practice as possible in the time which they 
have at their command^ a series of experiments have 
been selected which are arranged in groups. All of 
the experiments in any one group are selected so as 
to be as nearly as possible equal, in the point of 
preparation required, and are taught simultaneously 
during the laboratory period. The students perform- 
ing the experiments work in groups of two or three, 
the members of each group working together during 
an entire term and being assigned as a unit. When 
the experiment is of such a nature as to require more 
observers than would be found in one group, two or 
more groups may be combined to give the requisite 
number. 

Each group of students is required to work up com- 
pletely and fully the data taken during their experi- 
ment Each student is required to write a full report 
covering in detail a description of the apparatus, of 
the methods of making the test, of the results and 
conclusions, and is frequently required to compare his 
results with those given by various authors. The 
student is graded by the work he does in the exi)eri- 
ment and by his report. In grading the report his 
attention is called to errors both in composition and 
numerical results by a single check mark which he 
must correct in a revised copy before his work on the 
experiment is finally accepted and marked. 
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In addition to the experiment and report, the sta* 
dents meet in class rooms once a week with one of 
their instructors and recite on the important points 
pertaining to the experiment in question. 

For the three exercises, which are made up of (1) 
three hours of experimental work in the laboratory, 

(2) a recitation on the subject of the experiment, and 

(3) a written report, three hours of credit are given. 
Our experience has proved, however, that the amount 
of cre^t is too small in proportion to the work done 
since actual investigation shows that in order to do 
the laboratory work satisfactorily the student must 
put in from eleven to fourteen actual hours per week, 
the average being not far from twelve. In most 
studies it is deemed fair that a student should have 
one hour credit for three hours of actual work, 
whether it be a lecture or recitation, with two hours 
of preparation, or three hours spent in drafting or 
workshop. In accordance with that practice our stu- 
dents should receive about four hours credit for each 
laboratory exercise, but such an arrangement does not 
seem possible with the present crowded condition of 
the curriculum. 

A considerable amount of research and investiga- 
tion work is performed in the laboratory. This work 
is usually done either by graduate students or by 
those who have had the training of the undergraduate 
laboratory courses to which reference has been made 
in a general way. In the carrying out of some inves- 
tigations the university has expended a considerable 
amount of money to provide suitable apparatus or 
materials to work with. The results of the investiga- 
tion and research are generally fully recorded in the 
graduatmg theses. 

Bespecting theses, I would state that until the year 
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1906, ihey were compulsory for all members of the 
graduating class. During 1904-5, it was found im- 
possible to provide the necessary facilities for the 
proper preparation of suitable thesis investigations 
for the large graduating class. On reconmiendation, 
the faculty therefore voted to permit the students to 
elect studies of a prescribed character having an 
equivalent amount of credit in place of theses. A re- 
sult of this arrangement was that only about one third 
of the graduates of this year's class presented theses. 

For the second degree a thesis involving quite an 
extended investigation is required. 

The ** Announcement of Courses of Study'' which 
has recently been printed by the university shows the 
arrangements of studies in the different courses 
which have recently been adopted and which have 
now been carried into effect. It will be noted that 
no language studies appear in the course. This is 
not due to the fact that the study of languages has 
been curtailed, but is due to the fact that we now 
require the English, two years of French and two 
years of German, or their equivalent, as stated in the 
pamphlet referred to, before the student can be 
admitted. Our experience leads us to believe that 
students will be better trained in languages provided 
they take them before entering rather than during 
their college course, although this again will depend 
upon circumstances and conditions. The raising of 
the standard of admission, as noted, has given time 
for more technical work than has heretofore been 
given. As a good portion of this work is along the 
line of laboratory instruction, we believe that our men 
will in the future be much better trained for the prac- 
tical problems of engineering life than they have been 
in the past. 



THE FEDERAL POLYTECHNIC AT ZURICH 

PROM AN ADMINISTRATIVE 

STANDPOINT.* 

BY H. W. TYLER, 
Professor of Mathematics, Massachusetts Institute of Technology. 

The following notes are based on the official publi- 
cations of the polytechnic, supplemented by personal 
observation and conference with members of its fac- 
ulty. The writer is much indebted to their courtesy, 
and particularly to the patience with which they re- 
ceived and answered numerous questions. No at- 
tempt was made to gain any acquaintance with equip- 
ment or the general methods and subject-matter of 
instruction, the object being to acquire a correct gen- 
eral understanding of organization and administrative 
methods, and of relations with the local university, 
and some notion of points of resemblance to or dif- 
ference from American technological schools. 

Oeganization and Administration. 

The Federal Polytechnic is designed to serve the 
needs of all Switzerland for technological education. 
The federal council (Bimdesrat) is accordingly the 
ultimate authority, electing tiie school council and its 
president and vice-president. Its jurisdiction in- 
cludes also electing (or removing) professors and 
teachers and fixing their salaries, granting leaves of 
absence and retirement allowances, presenting the 
budget of the school to the federal legislature, deter- 
mining the acceptance of gifts and bequests. 

* Iteprinted from the Technology Review, Vol. VIII., No. 2. 
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These (and certain other) functions are exercised 
in general at the instance of the school conncil^ with 
the intervention of the head of the department of the 
interior, who has a voice in all meetings of the school 
council. 

The school council (Schvlrat) is the active govern- 
ing body, and its president is the executive head of 
the institution. It has the initiative in matters above 
mentioned as determined by the federal council; it 
elects the director and his substitute, and other ad- 
ministrative officers, except heads of departments, 
whom it has the right to confirm. (Its former right 
to elect these has been yielded to the professors.) It 
fixes salaries within the limits of budget set by the 
federal council, grants leaves of absence on occasion, 
appoints or removes teachers (Privat Docenten)^ ap- 
portions aid to students, determines laboratory and 
other fees, exercises oversight over the collections, 
reports annually to the federal council. 

Besides these functions it has also the following 
powers and duties, although its exercise of them is, 
to a ccMisiderable extent, merely confirmatory: The 
approval of the semester programs; the determina- 
tion of the school calendar and of the hours of exer- 
cises; action on the more serious cases of discipline, 
either on appeal or in original jurisdiction; the ap-^ 
proval of the outlines of particular courses presented 
by the departments; the decision as to diplomas and 
prizes (the polytechnic has not yet the right to give 
degrees, but expects to receive it soon) ; the decision 
as to admission of students; any other needful func- 
tions not specially prescribed. 

In the discharge of these functions it is obliged to 
secure the advice of the faculty (Gesamtkonferem) 
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or of the department {Specialkonferem) on matters 
of importance. It— or its president— may enter into 
direct relations with any department or teacher. 

The president (Prasident) must reside at Zurich. 
The other members are likely to live in different can- 
tons. The president presents written reconmienda- 
tions, but any other member may also present busi- 
ness by motion. The president supervises the prog- 
ress of the institution and its work, and is responsible 
for the carrying out of the decisions of the federal 
council and the school council. In the intervals of 
sessions of the latter, the president may deal with 
applications for admission, urgent cases of discipline, 
urgent cases of leave of absence and substitution, 
applications for remission of fees. 

The director (Direktor) and his substitute are 
elected by the school council on the (double) nomina- 
tion of the faculty for a term of two years, with 
eligibility for not more than six consecutive years. 
He attends sessions of the school council, except as 
otherwise ordered, and his principal functions are: 
To carry out decisions of the faculty ; to exercise gen- 
eral oversight, acting as a co-ordinating and reporting 
agent between the school council, the faculty, and the 
departments ; to present to the school council the pro- 
grams based on data furnished by the departments; 
to co-operate with the president in deciding on ques- 
tions of admission; to keep records and lists; to notify 
students and parents of action; to arrange diploma 
examinations; to deal with applications for change of 
department or leave of absence, with simple cases of 
discipline. 

The heads of departments (V or stands) are elected 
for two-year terms, with eligibility for not more than 
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six oonsecntive years. Their duties indnde execation 
of departmental decisions, supervision of instruction 
and of students as to work and conduct, participation 
in questions of admission, decision as to substitution 
of studies or change of department. 

The faculty (Gesamtkonferem) consists of all pro- 
fessors and teachers, the professors alone constituting 
a special division for nominating the director and 
vice-director, etc. The director presides, and must 
call at least one session a year. It is the duty of the 
faculty to watch over the general development of the 
institution, and, in particular, to strive to keep all 
branches of its work in the closest and most vital 
relations with the chief aim of a practical and liberal 
education. The faculty appoints its secretary and 
committees ; discusses propositions of the school coun- 
cil, the director, the departmental conferences, and 
of its own members; deals with cases of discipline of 
a general character. 

The departmental conferences {AbteUungskonfer- 
enzen) include for each of the eight departments (see 
page 249) all officers of instruction, only the pro- 
fessors, however, having unrestricted right to vote. 

The corresponding departmental conferences choose 
their own heads, as above stated, subject to confirma- 
tion by the school council. Their functions include 
the collection of quarterly reports of standing, the 
yearly promotion of students, simple cases of disci- 
pline, recommendations to the school council as to 
curriculum, subject-matter of courses, the award of 
diplomas and prizes, recommendations in regard to 
more serious cases of discipline. 

The conference of heads of departments may be 
convened by the president or the director, or on re- 
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quest of any three members. It is charged with the 
duty of insuring the harmonious and well co-ordinated 
execution of the- regulations and conclusions of the 
authorities (federal council and school council) in all 
departments. It may discuss, in a preliminary way, 
matters falling within the province of the other con- 
ferences (faculty or departmental) without, however, 
impairing^ their authority. 

Bemabks on Organization. 

The test of any organization lies solely in its prac- 
tical efficiency during a sufficiently long period, and 
such efficiency must depend on the adaptation of the 
organization to local conditions, the flexibility with 
which it meets new conditions, and the wisdom and 
good-will with which it is administered. On these 
fundamental matters a brief visit affords no basis for 
judgment. Subject to this important reservation, the 
writer *s impressions of the organization in the ab- 
stract were somewhat as follows : 

An element of fundamental and essential complex- 
ity is the mixed racial composition of the Swiss Re- 
public. German elements preponderate, but French 
and Italian must always be reckoned with; and this 
necessarily implies more than the obvious linguistic 
difficulties. Again, any federal institution must be 
influenced by mere considerations of locality; for ex- 
ample, in the choice of members of the federal school 
council. 

The functions of the federal council seem, from an 
American standpoint, to trench somewhat on the 
proper authority of a special board of trustees, as the 
school council, selected for educational administration. 
The president and trustees of an American state uni- 
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versity would, for example, present to the legislature 
not a budget, but only a request for a general appro- 
priation, and in particular cases for new buildings. 
The difference is, however, more apparent than real, 
the federal council actually leaving the authority sub- 
stantially to the school council— a safeguard of which 
the value may well be different in different countries. 

The keystone of the whole organization is evidently 
the school council, controlling the conduct of the 
school on the one hand and connecting it with the 
body politic on the other. Of the seven members of 
the school council for 1904-05, the president and vice- 
president and one other live in Zurich, one in Lu- 
cerne, one in Berne, one in Lausanne, one in Aarau. 
This dispersion of the members naturally miUtates 
against frequent meetings or intimate knowledge of 
the school on the part of its members. 

It would therefore appear, as in the case of the 
federal council, that the successful discharge of many 
of the functions of the school council must depend on 
the extent to which it practically delegates them to 
its president or to other agencies responsible to it 
In other words, the nominal powers of each council 
tend to be exercised by a subordinate body or bodies. 
Such conditions are not, of course, unfamiliar else- 
where. If it were a question of the delimitation of 
powers actually and fully exercised, it would seem 
that the school coxmcil might concern itself less with 
the details of educational and disciplinary routine 
than a literal interpretation of the regulations would 
imply. 

The president's duties and powers appear to cor- 
respond somewhat closely with those of the corre- 
sponding officer in America. On the other hand, the 
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most striking distinction from American nsage seems 
to be the relative insignificance of the Gesamtkonfer 
em, the nearest analogue of our faculty. In Zurich 
the several departments appear to have much larger 
initiative and autonomy than would generally be the 
case in America. This corresponds with the fact that 
the students enter with more extensive attainments, 
and that their work at the jwlytechnic is, therefore, 
more specialized by departments from the beginning. 
It has the advantage of simplicity and directness, 
each department dealing merely with its own stu- 
dents. From an American standpoint these advan- 
tages might seem to be somewhat dearly purchased 
at the apparent cost of the closer coordination and 
healthful interaction gained by leaving similar initia- 
tive to the departments, but reserving the actual deci- 
sion—for example, in such matters as recommendation 
for degrees, change of curriculum, etc.— to the faculty 
as a whole. In America, however, the common de- 
gree (S.B.) in all departments, the identical duration 
(four years) of all courses leading to it, and the gen- 
erally greater emphasis on this imiformity have a 
bearing on the matter. In Zurich there is a logical 
acceptance of the principle of nonconformity among 
departments, some of them requiring only four or five 
semesters against the «even or eight of others. So 
far as the writer learned, there was general satisfac- 
tion with the existing degree of detachment of depart- 
ments, and no disposition to desire increased co-ordi- 
nation or centralization. 

Another conspicuous contrast with American condi- 
tions is found in the election for limited periods of 
the director and the heads of departments. In com- 
parison with the system of appointment for indefinite 
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terms this seems more democratic, and the resulting 
identification of administrative with teaching func- 
tions, as well as the distribution of the former among 
a larger number of professors, have obvious advan- 
tages. How far these may be offset by the loss of 
continuity the writer could not judge. The provision 
permitting re-election up to a total period of six years 
was said to be generally exercised. The plan would 
appear to be in line with the non-centralization re- 
ferred to in connection with the separateness of de- 
partments, and may have some tendency to increase 
the relative authority of those administrative ofGicers 
having unlimited tenure— the president and secretary 
of the school councU, on the one hand, the staff of the 
director on the other. 

Relations with the Univebsity. 

The polytechnic was founded by the Swiss Republic 
in 1855, and in connection with its location in Zurich 
the canton undertook to house it with the cantonal 
university already existing. Accordingly, the fine 
and extensive main building is still shared by the two 
institutions, certain collections are used by both, and 
certain professors give instruction in both. This con- 
nection-evidently neither close, nor organic, nor 
fundamental— tends to diminish as time passes, and 
would probably have been terminated long since but 
for the complications due to the original ownership 
of the entire main building by the canton. A separa- 
tion such as is now contemplated must apparently 
mean the purchase of the remaining cantonal part of 
this building by the confederation. It may be added 
that both institutions now have other buildings in 
whidi there is nowhere such association. 
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The polytechnic not having at present the right to 
confer degrees, an arrangement exists by which the 
nniversity confers its Ph.D. on candidates recom- 
mended by the polytechnic. A thesis must, however, 
be presented in each case for approval by the faculty 
of the university. 

Bequibements fob Admissiok. 

As a state school, the polytechnic adjusts its admis- 
sion requirements to the possible performance of the 
secondary schools preparing its students. The dele- 
gates of the federal school council— usually with one 
professor— attend the final examinations of the school, 
and acceptance of its certificates for admission is a 
matter of special agreement. The relations with 
these schools were said to be effective and mutually 
advantageous. The age requirement is eighteen, and 
the actual average is about nineteen. 

On the presentation of a candidate's credentials the 
president decides, on recommendation of the director, 
whether he shall be admitted subject to or without 
examination. Candidates who have failed at their 
certificate examinations in accredited schools are not 
admitted immediately to the polytechnic examinations. 
Exceptionally mature age receives consideration as a 
claim to admission. 

The examination is divided into a first part— gen- 
eral subjects— and a second— mathematics, physics, 
and chemistry. 

The examining board (Prufungskommission) consist 
of the president and at least one member of the school 
council, the director, all the heads of departments, 
examiners selected from the instructing staff for two 
years each by the school council. 
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The heads of departments have a vote only as to 
the admission of candidates for their respective de- 
partments. 

BlBQXTIBBMENTS IN GsKERAIi EdUOATIOK. 

1. The candidate is required to write a composition 
showing his ability to handle correctly some subject 
with which he is acquainted as to orthography, style, 
and logic, in German, French, Italian, or English. 

2. He must show by oral examinations his practical 
command of the languages— German, and in certain 
cases French—in which obligatory instruction will be 
given. 

3. He is examined orally in History of Literature— 
German, French, Italian, English, or Ancient; Polit- 
ical History ((General, and formative candidates Swiss 
History and Constitution) ; Natural Sciences— funda- 
mental facts of the animal, vegetable, and mineral 
kingdoms, including the structure and functions of 
the human body. 

Rbquibements in Pbofbssiokal Subjects. 

1. Arithmetic and Algebra, including, for example, 
logarithms, ccmtinued fractions, binomial theorem, 
simple exponential equations, exponential, logarith- 
mic, and the simpler trigonometric series. 

2. Geometry, plane and solid, including transver- 
sals, construction problems, determination of volumes 
and surfaces; plane trigonometry and the elements of 
spherical; analytic geometry, including the simplest 
equations of the conies and the elements of solid ana- 
lytic geometry. 

3. Descriptive Geometry. 

4. Physics. 
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5. Chemistry. 

6. Drawing, freehand and mechaniq^l. 

The great majority of the Swiss students come from 
the non-classical secondary schools. 

OUBEIOTJI.TJM. 

The general scope of the cnrricnlmn is determined 
by the federal council, to which, for example, the in- 
troduction of a new department must be submitted by 
the school council for approval. The law of July, 
1899, designates the following departments: 

I. Architecture (HochJxm, Architekten 8ch%Ue). 

n. Civil engineering {Strassen-, Eisenbahn-, Was^ 
ser-, und Bruckenbau, sowie Vermessungswesen; In- 
genieur-Schule) . 

m. Mechanical engineering (IndustrieUe Me- 
cha/nik; mechanischr-technische Schule). 

IV. Technical chemistry (IndustrieUe Ghemie; 
chemisch-technische Schule) : (a) Technical section, 
(h) i^armaceutical section. 

V. Agriculture and forestry {Land- v/nd Forstwirt- 
schaft): Forestry, agriculture, rural engineering 
{Kvttur Ingenieur-Schvle). 

Yl. Department for teachers of science {BUdung 
von Fachlehrern m mathematischer v/nd naturwissen- 
schafiUcher Bichtung): (a) Mathematical-physical 
section, (h) natural science section. 

Vn. General department (Allgemeine phUosophis- 
che und staatswvrtschaftliche Ahteihmg: Freifdcher). 

Vlil. Military department (Militdrwissenschaft' 
liche Ahteilv/ng). 

Subjects not required in any of Ihe first six—the 
professional departments— are grouped in the sev- 
enth. 
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It is required that in all departments instruction 
shall be given with constant regard to the special 
needs of Switzerland. 

The prescribed vacation periods amount to thirteen 
weeks, eight in August and September, two at Christ- 
mas, three in the spring. 

The number of semesters required in different 
courses is as follows: Architecture, civil and mechan- 
ical engineering, require seven semesters and an 
eighth for a thesis; technical chemistry, seven; phar- 
maceutical chemistry, four; forestry, six; agriculture, 
five and a sixth for a thesis; rural engineering, five; 
mathematical and physical science, eight; natural sci- 
ence, six or eight. 

An inspection of the programs shows that the 
polytechnic concerns itself with the professional, and 
not with the general education of its students. This 
statement may be qualified, however, by the remark 
that a great variety of general subjects are offered as 
electives, and that students are required to take one 
or more of these in later years. Moreover, the pre- 
vious general education represented by the entrance 
requirements is considerably more extensive than is 
the case in the United States. Nevertheless, it would 
seem at least i>ossible that students entering the poly- 
technic at about nineteen might advantageously be 
subjected to some further prescription in general 
studies. Such subjects as mathematics, descriptive 
geometry, mechanics, are naturally given to students 
of different departments together. On the other 
hand, the importance of division and differentiation 
of the instruction in physics was emphasized. Stu- 
dents in architecture and chemistry have an abridged 
course in mathematics. 
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In the first semester of the two engmeering courses 
differential calculus is a common subject, with 4 hours 
per week of lecture, 3 of section work {RepetUorium, 
1; Uebung, 2). At the same time analytic geometry 
has 4 hours per week of lecture and 1 of section work, 
descriptive geometry 4 hours of lecture and 5 of exer- 
cise. In the second semester, integral calculus occu- 
pies 7 hours per week, mechanics 9 ; in the third, dif- 
ferential equations 5, mechanics 7, physics 5; in the 
fourth, physics 5. Business law appears in the later 
semesters of all programmes, political economy in 
several. 

The course in rural engineering (5 semesters), a 
subdivision of that in agriculture and forestry, differs 
very little in the first semester from the course in 
civil engineering. In the second semester it omits 
descriptive geometry and mechanics, and includes 
physics, surveying, roads and canals. In the third it 
omits differential equations, mechanics, graphical 
statics, and theory of macliines, and includes survey- 
ing, roads and canals, meteorology, etc., the two thus 
ceasing to have any considerable resemblance. 

The two courses for teachers of science, one in 
mathematical and physical science, the other in nat- 
ural science, are not definitely laid out, but each stu- 
dent may work out his own prograimne in consulta- 
tion with the head of his course. Seminar work in 
mathematics and physics is offered in the latter half 
of the four-year course. In the first year the pro- 
gram of the mathematical-physical course corre- 
sponds rather closely with the engineering courses. 
The course in natural sciences includes a large pro- 
portion of chemistry, but more mathematics than the 
course in technical chemistry, as well as other 
branches of natural and physical science. 
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In all the programs examined the total number 
of hours per week seemed large, this being explained 
in part by the length of the day— 7 to 12 and 2 to 7 
in the snmmer, 8 to 12 and 2 to 7 in the winter. The 
extreme hours are naturally used relatively little, but 
teachers and students must obviously live near at 
hand. There is marked concentration of time in prin- 
cipal subjects, and this is further notable in the time- 
table, where time is used in large blocks, even lectures 
often occupying two consecutive hours; t. e., ninety 
minutes. 

The niunber of subjects per semester in the four 
principal courses, as shown in the following table, 
ranged from five to nine in the first three semesters, 
from six to fourteen in the last four. The average 
is six in the former period, ten in the latter. The 
assignment of time for exercises varies from twenty- 
nine hours in the first semester of mechanical engi- 
neering to not less than sixty in the fifth semester 
of technical chemistry. 

Number of Subjeoto Kambcr of Hours per Week 

by Semeetert. by Semest^B. 

(1) (2) (8) (4) (5) (6) (7) (1) (2) (8) (4) (5) (6) (7) 

Architecture 8 7 9 10 8 10 7 41 38 46 51 39 48 34 

Civil Engineering 6 6 6 6 9 9 14 33 38 34 40 43 42 40 

Mechanical Engineering 6 5 6 8 9 11 14 29 31 36 39 41 44 40 

Technical Chemistry . . 5 6 8 13 12 7 42 39 42 32 60 64 39 

Courses of but one or two hours per week are com- 
mon only among the non-technical subjects. 

The use of lectures and the dependence on the 
students ' own notes seemed to the writer to be car- 
ried—as elsewhere in Europe— beyond the point of 
best economy; but observations on this point were 
limited. Text-books and printed notes have their 
inevitable defects, but the working out of satisfactory 
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notes by the student consumes much time, and its 
value may be easily overrated. 

Research seems to be highly esteemed and effec- 
tively practiced in the various departments. 

Teachers. 

The grades of the instructing staff are: Professor, 
associate (Hulfslehrer) j Privat Docent (usually con- 
fined to elective subjects), assistant. 

Teadiers are required to give announced courses 
for three or more hearers, or even for one in the case 
of required subjects. Each must present the titles of 
his required courses to the director's office, from which 
the collected material is referred to the heads of de- 
partments for the approval of the departmental con- 
ferences. A teacher must report to the director any 
detention from an exercise, and, if detained more than 
three days, must apply to the school council for leave 
of absence. A teacher appointed for life— which 
appears not to be frequently the case— who becomes 
disabled by age or illness may be retired by the fed- 
eral council at the instance of the school council, re- 
ceiving a proportion (not fixed) of his salary. Re- 
moval requires similar procedure. 

Directors and heads of departments are required 
to render an exact account of the finances and condi- 
tion of their collections and equipment annually. 

For the first semester of 1904-05 the total number 
of subjects announced is 405, counting recitations 
(Repetitorien) separately, including 58 by 31 Privat 
Docenten. The number of professors is 78, of assist- 
ants 62 (including 4 places not filled). 

The writer found keen interest on the part of the 
professors in the sabbatical year plan which he was 



254 THE FEDERAL POIiYTECHHIC AT ZUBJCH. 

supposed to exemplify, but was obliged to confess that 
only the strongest American institutions had yet been 
able to establish it. 

Students. 

Students may be regular students or auditors 
(Zuh6rer)y something between our special students 
and ** listeners." The former are required to follow 
one of the more or less definitely prescribed pro- 
gramSy except as permission for substitution of sub- 
jects may be approved for special reasons by the 
heads of their departments. A considerable amount 
of election is allowed after the first two years. Every 
regular student must take at least one of the elective 
subjects in each semester. The tuition fee is 150 
francs, besides small fees for the library, the hospital, 
and accident insurance. Laboratory fees are also 
additional. 

Auditors may attend the elective courses subject to 
the age requirement and to presenting a certificate 
of character. Admission to professional subjects, 
however, requires examination or equivalent certifi- 
cates, except in the case of men of mature age en- 
gaged in technical pursuits. Poor and able students 
may receive pecuniary aid, in addition to the remis- 
sion of tuition. In disciplinary matters students are 
subject to general police regulations, and may be spe- 
cially dealt with by the officers of the polytechnic for 
neglect of studies, disrespect and disobedience to- 
wards the school authorities and teachers, disturb- 
ances and duels. 

Penalties include reprimands by the head of the 
department, the director, the president, or the school 
council, probation, cancellation of registration, dis- 
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missal. The last is determined by the school council^ 
and is posted. It is the nsual pnnishment for par- 
ticipation in a duel. The by-laws of student societies 
and list of members are subject to inspection. 

A student's promotion at the end of the year is 
determined by the departmental conferences on the 
basis of his work for the year. Two successive fail- 
ures result in dismissal. 

The diploma is an earned distinction. The school 
council directs the oral examination, which is public, 
and is divided into two parts, of which the first is 
taken at the beginning of the fifth semester (in the 
departments which have been above discussed). The 
examining committee consists of the head of the de- 
partment and the examiners. A rank is given in each 
examination subject, and a definite weight is applied 
in each. Excellent previous work receives considera- 
tion. Success with the preliminary examination is 
required for admission to the final, and the results 
of both are considered in the award of diplomas. 
The examining committee reports for both to the 
school council, including details and possible expres- 
sions of dissent. In particular cases, diplomas are 
''with distinction.'' Either examination may be re- 
peated after a year's interval. 

A thesis (Diplomarheit) is an essential accompani- 
ment of the final examination. In the department of 
architecture, there are 5 preliminary examination sub- 
jects, 7 final, and the thesis is equivalent in weight 
to 7 examinations. In civil engineering, there are 6 
preliminary subjects, of which 4 have double weight, 
7 final. The thesis has weight, 3 or 4. In mechanical 
engineering, there are 6 preliminary subjects, of which 
3 have double weight, 6 final, including 4 double, the 



256 THE FEDSBAIi FOLYTBOHKIO AT ZXJBIOH. 

thesis counting as 3, eta About 80 per cent, of the 
regular students apply for the preliminary examina- 
tions, about three-fourths of these passing, and about 
one-half receiving diplomas. 

A professor having some acquaintance with Amer- 
ican institutions expressed the opinion that these di- 
rected their work and attention relatively more to the 
weaker students, and, in general, occupied themselves 
more with the personal welfare of students. 

Statistios poe 1903-04. 

BaauiAB Students. 

SwiM. Fonign. Total. 

Architecture 63 8 61 

Oivil Engineering 213 70 283 

Mechanical Engineering 271 261 622 

Chemistry: 

(a) Technical 136 101 237 

(6) Pharmaceutical 3 1 4 

Forestry 30 30 

Agriculture 43 8 61 

Rural Engineering 17 6 22 

Teachers: 

IdathemaUeal-Physical 10 6 24 

Natural Science _22 7 29 

807 466 1^63 

Hearers registered 667 

i^ 

Of the foreign students, 113 came from Austro- 
Hungary, 59 from Bussia, 56 from Italy, 40 from Gter- 
many, 33 from Holland, 28 from France, 26 from Rou- 
mania, 22 from Great Britain, 14 from America 
(North and South), etc. It is an eloquent testimony 
to the wise liberality of the Swiss Bepublic— neither 
great nor wealthy in comparison with many of these 
countries— that it furnishes so admirable an education 
to all comers at a nominal cost, with no thought of 
discrimination or direct return. 



REPORT OF THE COMMITTEE ON ENTRANCE 

REQUIREMENTS. 

BY J. J. FLATHEB, Chairman. 

The aim of the committee for the past few years 
has been to obtain an expression of definition of sub- 
ject so that recommendations might be made, looking 
to a greater uniformity in regard to accepted defini- 
tion. With a few exceptions, this uniformity of defi- 
nition for college entrance subjects has been accepted 
by various educational and scientific interests and 
substantial agreement has been reached witii refer- 
ence to mathematics, history and the languages, in- 
cluding English. It has been, however, impossible to 
agree upon definitions of requirement in the sciences, 
manual training and drawing. 

While it is generally admitted that the require- 
ments for physics and chemistry formulated by the 
Committee of Ten appointed by the National Educa- 
tional Association a number of years ago are too ex- 
tensive and should be reduced very materially, yet 
there seems to be a practical difficulty in determining 
what should be omitted. 

An effort was made two . years ago to have the 
National Societies interested in physics and chemistry 
formulate such a set of requirements and definitions, 
but at the time the societies did not care to undertake 
such a problem and the matter was dropped. How- 
ever, it is the opinion of this committee that neither 
in physics nor chemistry as generally taught by the 
high schools of the country is the formulation lived 
up to; in fact there are very few such schools in a 
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position to teach the subjects as outlined by the com- 
mittee of the N. E. A* Therefore it seems wise to 
reduce these requirements^ and to this end expres- 
sions of opinion have been obtained from a number 
of teachers in these sciences, both in technical colleges 
and high schools; it is hoped that in the near future 
a resume of these will be presented to the members 
of the society for an expression of their opinion, from 
which a final report will be prepared. 

Some few years ago a sub-committee from the Com- 
mittee on Entrance Requirements was appointed to 
meet with a similar committee to be appointed by the 
N. E. A., but the latter association did not appoint 
the committee in sufficient time to have a conference 
as was anticipated, and no opportunity of a joint 
meeting has since been offered. It was hoped that a 
conference would be held during the past year at San 
Francisco, but the recent disaster has prevented the 
annual meeting of the N. E. A. this year, so the mat- 
ter stands just as it was. 

The same is true regarding manual training and 
drawing. Suggested formulations were sent to a 
number of men particularly interested in these sub- 
jects with a request for criticisms, but the opinions 
received were so varied and even antagonistic that no 
general formulations could be made. One of the 
national societies for manual training teachers for- 
mulated a set of definitions for shop work, which 
definitions were based entirely upon the time spent 
on the subject, but it seems that some general state- 
ment of what is to be taught in addition to the time 
limit should be given, and it is probable that the final 
report of the conmdttee will include some such rela- 
tion; that is, while the time spent on manual training 
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should be taken into account, yet the character of the 
work should also be considered, and when we speak 
of carpentry, or machine-shop work, we should have 
some definite idea as to what is meant by the subjects 
rather than simply a reference to the time spent. In 
some manual training schools, forging is taught by 
hammering out lead and foundry practice is taught 
by casting lead, but while this has a certain value in 
itself, it would hardly meet with the general approval 
of engineers. Therefore it seems better to state ex- 
actly what should be required in these subjects if 
they are to be accepted for entrance. 

The question of definition for manual training 
subjects is complicated by the fact that mauy schools 
teach manual training so thoroughly that these sub- 
jects are accepted not only for entrance, but advanced 
credit is very frequently given. The question of 
advanced credit, however, is one which must be set- 
tled by each technical college individually, and the 
present aim is to obtain a substantial agreement as 
to what is meant by the various subdivisions of man- 
ual training as far as entrance credits are concerned. 

J. P. Jackson, 

Mansfield Mebbiman, 

C. D. Marx, 

F. W. McNaib, 

F. 0. Mabvin, 

J. C. Nagle, 

B. B. Owens, 

W. D. Pence, 

J. J. Flathee, Chairmcm, 

Committee. 



TOPICAL DISCUSSION: WHAT MODIFICATIONS 

IN ENGINEERING INSTRUCTION ARE 

DEMANDED BY RECENT ADVANCE 

IN PRACTICE? 

Pbofbssob Landbeth: The title calls for discussion 
on desired modifications in engineering instruction 
demanded by recent advance in practice. If the ques- 
tion were modified to the form ^ ' what modifications in 
engineering instruction are demanded by present pro- 
fessional requirements?'' it would admit of a more 
definite and useful discussion. 

** Recent practice'' and * * prof essional require- 
ments" are not necessarily identical. Practice, like 
instruction is apt to lag behind professional require- 
ments to a greater or less extent according to various 
factors, one of which is the character of engineering 
instruction itself. 

It must be evident to everyone who keeps in touch 
on one hand with present professional demands and 
possibilities, and on the other with current instruction 
as inferred from the preparation shown by young en- 
gineers and from the typical engineering curriculum, 
that professional demands and possibilities strongly 
call for development of engineering training in two 
directions, viz., the development of the administrative 
faculty and the cultivation of the aesthetic sense and 
taste. 

The increasing frequency with which engineers are 
now thrown into relations and situations calling for 
the exercise of executive and administrative functions^ 
and the favorable possibilities open to engineers who 
possess such capacity in well-developed degree, make 
the question a pertinent one, whether the training at 
college or in the engineering school can be made more 
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eflfective in aiding the development of this special 
ability. No school can, of course, make business men 
or successful administrators of its students; neither 
for that matter can it make engineers of them; but 
there appears no ground for doubt that it may do for 
their business training what it certainly now does for 
their strictly technical training, viz!, introduce the 
subject to them in a systematic and rational manner 
and then thoroughly inculcate the fundamental prin- 
ciples of the subject, thus giving the young engineer 
a framework on which to build and classify the results 
of his experience. 

In a paper entitled *^The Study of the Principles of 
Administration in Engineering Schools, ' ^* read by the 
speaker before this society at the Buffalo meeting in 
1901, the subject was presented at some length under 
the following heads : 

1. Are there clear-cut, definitely-expressible princi- 
ples of administration which may be formulated in 
such general terms as to be comprehensive, and still 
sufficiently definite to be useful as guides in practice? 

2. Does the work of the engineer, in its numerous 
divisions and ever-widening scope, call for adminis- 
trative ability? 

3. To what extent, and how, may the work of the 
engineering school be made to contribute most effec- 
tively to the development of this administrative 
ability? 

It is not intended to enter again into a detailed 
consideration of Ihe importance or scope of the train- 
ing proposed, nor of the details of possible plans for 
giving the instruction. These latter must of neces- 

* The paper was withdrawn by the writer for some corrections after 
being read, and was prevented by an emergency from being returned in 
time for publication. — O. H. L. 
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sity be developed by each school in accordance with 
its own policies and its own controlling conditions and 
circumstances. The recognition of the necessity for 
such administrative training as an essential part of 
the outfitting of the young engineer, once having been 
generally established, the elaboration of ways and 
means as well as of details will naturally follow. 

Turning to the other topic of suggested importance 
in the young engineer's training, viz., the develop- 
ment of his aesthetic character, the subject lays claim 
to a two-fold consideration— the broadening of the 
man and the increase in his capacity for enjoyment 
and for filling the sphere of a cultured citizen on one 
hand, and on the other the utilitarian, though not less 
valuable accession to his economic capacity as a de- 
signer of things that shall be at the same time beauti- 
ful and inspiring, as well as strong, durable and 
efficient. 

Under the stimulation of a new country, the absence 
of trammeling precedents and conditions, and strong 
free competition, American engineers have taken first 
rank in efficiency of design and construction when 
tested by strictly commercial or utilitarian standards. 
Unfortunately less than this must be said of their 
work when examined for grace and beauty or for the 
presence of that artistic fitness which is the essential 
harmony between the form and the substance, between 
beauty and usefulness, between the artistic and the 
utilitarian, in the engineer's work. The reasons for 
this discrepancy between the constructive and the 
artistic efficiency of our engineers are the natural and 
logical results of our past national environment, ne- 
cessities and development. We have neglected the 
beautiful in our engineering constructions because we 
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could and were obliged to do without it, because our 
people as a whole did not miss it nor demand it, and 
finally because our engineers were not trained to sup- 
ply it. But all this is changed, or changing. Our 
wealth and education now make culture and art pos- 
sible and warrant full consideration for the beautiful. 
Our people in larger measure than formerly appre- 
ciate and demand it, and our engineers must respond 
and supply it. 

This subject has been most admirably treated by 
Prof. Frank 0. Marvin in a carefully prepared paper 
entitled **The Artistic Element in Engineering," 
which was presented as the vice-presidential address 
before Section D, ^^ Mechanical Science and Engineer- 
ing," of the American Association for the Advance- 
ment of Science at the Buffalo meeting in 1896 and 
appears in the proceedings of that meeting. It is not 
over-drawn approbation of this paper to say of it 
that nothing has appeared which so intelligibly and 
so hopefully treats the subject by pointing out the 
shortcomings, outlining the possibilities, and urging 
the further development of the artistic element in 
engineering training and work. 



FRAUD IN EXAMINATIONS. 

BY FRANCIS C. CALDWELL, 
ProfeMor of El^trical Engineering, Ohio 8tate UniTenity. 

The subject chosen for this paper is one of the least 
pleasant with which the educator of the present day 
has to deal, bnt it is one which is now demanding his 
attention most urgently. The force of this demand 
doubtless varies greatly in different institutions. 
But one of the most serious features connected with 
this question of fraud is the difficulty of knowing 
when and to what extent it exists. Again and again 
instructors have stated that there was no fraud in 
their classes ; they knew that they were able to watch 
the students so thoroughly that nothing of that sort 
could be done ; and yet former students of these same 
instructors have told of case after case where fraud 
had occurred. One therefore accepts with much hesi- 
tation the statement of anyone that fraud is absent 
from his classes, without first investigating the 
grounds for his assurance. 

Different cases of this evil can be pretty accurately 
distributed into two classes; in the one the students 
bring with them written or printed matter, commonly 
known as ** ponies,*' while in the other, the illicit in- 
formation is obtained from others who are taking the 
examination. Of these two, the latter is probably the 
more common form of fraud. To prepare a pony and 
take it into a classroom implies a degree of premedi- 
tated wrong-doing of which, it is thought, not many 
college students are guilty; it is a form commonly 
employed by the more capable students, who have 
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neglected their work during the term, and its success- 
ful use usually implies rather a high degree of ex- 
pertness. On the other hand the obtaining of infor- 
mation from the other members of tiie class is often 
not premeditated and is done because the recipient 
finds himself in imminent danger of failure and there- 
fore under extraordinary temptation. 

From these facts it follows that the first form of 
fraud is the more likely to aid in sending out from 
the university dishonest men. While there are many 
who are inclined to make a distinction between dis- 
honesty in school work and dishonesty in other mat- 
ters, it is hard to believe that the man who will delib- 
erately cheat in his class work will be scrupulous in 
his methods when he sees an opportunity to advance 
his interests in after life. On the other hand, the 
second form of dishonesty is chiefly responsible for 
lowering the standing of the college graduate as a 
man of ability. It unquestionably allows an appre- 
ciable number of men to gain college degrees who 
would otherwise not be able to complete the course. 

The question as to which of these forms of fraud 
is the more deplorable is an open one. The obtaining 
of information from others during examination is un- 
questionably the ijiore insidious and the more calcu- 
lated to break down the honesty of weak men. There 
can be little doubt that many a student has committed 
his first fraud through accidentally catdiing a glimpse 
of the work of another student sitting near him. 
Thus, as an eflGicient means of training students in 
dishonesty, especially where due precautions are not 
taken to make such inter-communication between them 
diflScult, this form of fraud should be regarded as a 
most serious menace. On the other hand, the use of 
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the pony tends to keep in college, as members of the 
student body, dishonest men who would otherwise be 
eliminated and who cannot but produce an evil effect 
upon their fellow students. 

In the conduct of examinations we find two radi- 
cally different systems in use as well as an almost 
continuous gradation of practices lying between these 
methods as extremes. In the one method the student 
is definitely placed upon his honor and then left to 
work out the examination without any special sur- 
veillance, the attendant in the examination room mak- 
ing no special effort to watch the students, sometimes 
going even so far as to absent himself during shorter 
or longer intervals. This method is commonly known 
as the honor system of examination. In the other 
method known as the proctor system, or the police 
system, the assumption is made that there are liable 
to be dishonest men in every class and that the whole 
class must be carefully watched to prevent these un- 
known dishonest men from committing fraud. This 
system is carried out with greatly varied degrees of 
effectiveness. Perhaps an extreme is found at Har- 
vard, where the instructor has no function in the 
examination except the preparation of the questions 
and the grading of the papers. The conduct of the 
examination is entirely in the hands of an examining 
board who employ the fellows and graduate students 
to act as proctors or policing force. These proctors 
are supposed to devote their attention entirely to the 
surveillance of the students during examination and 
the intention is to assign enough to each room so that 
the work can be most thoroughly done. 

In some other institutions, although the examina- 
tions are in diarge of the instructors or at least of 
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the departments, definite faculty rules are in force, 
specifying the number of proctors which must be 
present in every room. In still others, and probably 
in the largest number of cases, the conduct of the 
examination is left entirely to the instructor giving 
the course, and he watches the students, be the class 
large or small, with a varying degree of effectiveness. 
In this case also he is likely to begin to place some 
faith in the honesty of his class, to take a book with 
him into the class room and read a little or to stand 
with his back to the class looking out of the window, 
or even to leave for a moment and go into an adjoin 
ing room. So much is this the case that it is hard to 
tell just where the application of the honor system 
proper begins. There are unquestionably fine teach- 
ers who, without saying a word to their class upon 
the subject, so command their respect and so make 
them feel the dishonor of fraud, that it is safe in an 
unusual degree for them to trust to the honesty of 
their students. In general, however, there can be no 
question but that this intermediate class, where the 
students are not definitely made to feel that they are 
trusted and where they are not carefully watched, is 
the most productive of fraud and the most calculated 
to develop it in an institution. In some institutions, 
which are certainly to be most heartily congratulated, 
such a high spirit of honor amongst the students has 
been developed that this matter is entirely handled 
by them. The faculty is not obliged to give attention 

■ 

to the question of honesty and the occasional cases of 
fraud are so handled by the students that there is 
likely to be no repetition. 

In some institutions there are no general rules with 
regard to the conduct of examinations and each in- 
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stmctor applies the proctor system, or the honor sys- 
tem, or any intermediate combination of the two which 
happens to take his fancy. The result of an inquiry 
among the better class of students in one such institu- 
tion seems to indicate that there is little to choose, so 
far as the actual prevention of fraud is concerned, 
between the carefully policed class and one in which 
the students are definitely placed upon their honor. 
There is always likely to be some fraud; for there 
are usually some who are expert enough to outwit the 
most careful system of watching, and some who are 
so degraded that the question of honor does not ap 
peal to them at all. 

It is, however, an interesting question as to whether 
a systematic application of the honor system through- 
out an institution would or would not be more calcu- 
lated to develop a higher grade of public morals than 
would a thoroughgoing police system. If the stu- 
dents could be brought to regard the proctors in the 
right light, in the same way that the good citizens of 
a community regard the officers of the law, this sys- 
tem would have much to recommend it. It is, how- 
ever, questionable whether this can usually be accom- 
plished. There is the essential difference that the 
proctors are not appointed by the students who are 
being watched, and there is a very strong tendency 
to regard the examination as a kiad of game between 
the student and the proctor. If the student can cheat 
without being caught by the proctor, he wins. If the 
proctor succeeds in catching the student, he wins. If 
he simply succeeds in preventing the student from 
cheating, it is a drawn game. This is of course an 
entirely wrong way to look at the matter, but there 
is certainly a strong tendency among younger stu- 
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dents to regard it in this way. There can, however, 
be no question bnt that either a well conducted police 
system, or a thoroughgoing honor system, is much to 
be preferred to a cross between them. 

While in the honor system of examinations, theoret- 
ically, implicit trust is placed in the honesty of the 
students, the question of just how far this theory 
should be carried out in practice is an important one. 
It would seem to be a safe statement of the case that 
while the students should not be obtrusively watched 
during an examination, all reasonable precautions 
should be taken to remove temptation from their way. 
There are always well intentioned but morally weak 
students to be considered, and with the prospect of 
failure and disgrace staring them in the face, the 
temptation may become very strong. Keeping stu- 
dents so separated that they cannot see their neigh- 
bors' papers without making a special effort to do 
so, is one of the most important of these precautions. 
Where it is absolutely necessary to place the students 
in closely adjacent seats this difficulty can be over- 
come by using two sets of examination questions, one 
for the odd and one for the even seats. This proced- 
ure makes a little more trouble for the instructor, but 
entirely does away with the objection to having the 
students in adjacent seats. The propriety of the in- 
structors leaving the room may be more open to dis- 
cussion, but even this results in a considerable and 
an entirely unnecessary temptation. Talking at such 
times is a mudi more conspicuous form of fraud, and 
consequently one less apt to be perpetrated than the 
overlooking of another's paper, when the latter can 
be done without even raising the eyes. The impor- 
tance of using a suitable examination tablet and 
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thereby avoiding the dangers of loose papers is gen- 
erally conceded. 

Obviously what has been said with regard to the 
conduct of examinations given under the honor sys- 
tem holds with even greater force for those given 
xmder the proctor system. The above mentioned 
practice of giving the same examination questions to 
students located in closely adjacent seats is deserving 
of another and especial word of condemnation. There 
can be no question but that students are often in 
doubt as to whether they would have been able to 
solve a problem by themselves had they not uninten- 
tionally caught a glimpse of their neighbor's work 
from which they received the clue they were seeking. 

The question of the punishment which should be 
inflicted upon students guilty of fraud in examina- 
tions is another very important aspect of the case. A 
not unusual penalty and one which in the abstract is 
certainly deserved, is suspension from college. This, 
however, appears to many to be rather severe in the 
case of a first offense, and especially where it appears 
that there was no premeditated arrangement. One 
bad result of this is that in such cases instructors are 
liable to take the matter in their own hands and to 
refrain from reporting the case to higher authorities. 
This results in some students receiving a heavier pen- 
alty than others for the same offense, and is distinctly 
subversive to the highest degree of discipline. 

In conclusion, it would seem that if there were one 
thing which an engineering education should develop 
more than another it would be a strict and uncom- 
promising sense of honor and if those who are respon- 
sible for that education could by taking thought so 
amend their methods as to advance this side of their 
education, no expenditure of time and effort in bring- 
ing it about should be considered too great. 



THE CORRESPONDENCE SCHOOL— ITS RELA- 
TION TO TECHNICAL EDUCATION AND 
SOME OF ITS RESULTS. 

BY JOHN J. CLARK, 
Dean of the Faculty of the International Correspondence Schools. 

At the 1899 meeting of the Society for Promotion 
of Engineering Education, held at Columbus, Ohio, 
a paper was presented by Professor Edgar Marburg, 
entitled **The Correspondence School in Technical 
Education. ' '* This paper aroused considerable inter- 
est, and was discussed quite generally, with the result 
that a committee on industrial education was ap- 
pointed, of which Professor J. B. Johnson was chair- 
man. This committee reported at the New York 
meeting in the following year.f 

At the time Professor Marburg prepared his paper 
the total number of students enrolled in the Interna- 
tional Correspondence Schools was about 80,000, and 
at the time the committee made its report the number 
of students enrolled was about 181,000. It was im- 
possible at that time to furnish reliable figures in 
regard to the work being accomplished; consequently, 
both Professor Marburg *s paper and the report of 
the conmnttee were, in some respects, unsatisfactory 
and xmjust to the correspondence school. 

In order that you may understand several of the 

* Proceedings of the Society for the Promotion of Engineering Edu- j 

cation, Vol. VII., p. 80. 

t Proceedings of the 'Society for the Promotion of Engineering EdU" 
cation, Vol. VIII., p. 28. 
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facts that I am about to bring to your attention, it 
will be well to consider the enrolment figures for the 
various years since the organization of the Interna- 
tional Correspondence Schools. 

From October 1, 1891, to December 31, 1893, the total 

number of students enrolled was 3,105 

The number of new students enrolled to December 31, 

1894 2,509 

The number of new students enrolled to December 31, 

1895 4,491 

The number of new students enrolled to December 31, 

1896 6,530 

The number of new students enrolled to December 31, 

1897 13,677 

The number of new students enrolled to December 31, 

1898 38,572 

The number of new students enrolled to December 31, 

1899 71,885 

Since December 31, 1899, we have been enrolling 
students at the rate of more than 100,000 per year, 
the total number to and including June 27, 1906, 
being 902,906. 

It will be noted that up to and including the enrol- 
ment for 1897, the increase in the number of students 
was comparatively even. After this date, however, 
the number of students enrolled increased very re- 
markably. There are two reasons for this sudden 
increase in the enrolment. Previous to January 1, 
1898, the students received their text-books in the 
form of paper-covered pamphlets, averaging about 
fifty pages each, and these were sent only one at a 
time to each student as he progressed with his stud- 
ies. The result was that if a student failed to com- 
plete his course, he had on hand not more than two 
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instruction papers in advance of the last one he had 
studied. This tended to (^eate great dissatisfaction, 
and, to overcome it, we reprinted the entire text of 
the courses, and sent to every student, at the time of 
his enrohnent, a set of what we term bound volumes. 
These volumes contained every thing that the student 
would receive in connection with his course of in- 
struction, and if he failed to complete the course he 
had his bound volumes at any rate, and could con- 
tinue studying by himself, if he so desired. This 
feature resulted in a great increase in the number of 
students. Further, previous to the latter part of 
1897, the students were obtained solely by newspaper 
and magazine advertising. They were all enrolled 
through the mails and no pressure was applied to 
induce them to become students. About the time we 
began printing bound volumes we began to organize 
a force of solicitors. These solicitors interviewed the 
prospective student personally, and naturally did 
everything they could to increase the number of stu- 
dents. The result is shown by the figures above 
quoted. 

In 1899 and 1900, the number of new students en- 
rolled was so great, relatively speaking, that it was 
impossible to furnish any definite figures to the com- 
mittee or to Professor Marburg to substantiate our 
claims, and we ourselves could not predict defciitely 
what the outcome would be. The enrolment has been 
comparatively steady during the past seven years, 
and we are now better able to present to the society 
facts and statistics that will enable you to judge of 
the work we are doing. At the same time, we can 

18 
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not give you full and complete information in regard 
to the benefits derived by onr students. We have 
received hundreds and thousands of letters from stu- 
dents who have never sent in any work at all to be 
examined and corrected, or who have sent in work on 
only one subject— as for example, arithmetic— in 
which letters they have stated that they have derived 
great benefit from their courses. On inquiry we 
found that these students had studied from their 
boxmd volumes, and that the text had been so care- 
fully prepared that they did not desire to go to the 
trouble of writing out the answers to the examination 
questions; and not caring whether or not they ob- 
tained a diploma or certificate, they never sent in 
any work. 

Before pursuing this subject further, it will be 
well to consider the character of the courses we offer, 
and the reason why we offer so many different 
courses. Our system of education is based on an 
idea that is almost directly opposite the views held 
by the regular schools and colleges. The regular 
technical school or college aims to educate a man 
broadly; our aim, on the contrary, is to educate him 
only along some particular line. The college de- 
mands that a student shall have certain educational 
qualifications to enter it, and that all students study 
for approximately the same length of time, and when 
they have finished their courses they are supposed to 
be qualified to enter any one of a number of branches 
in some particular profession. We, oii the contrary, 
are aiming to make our courses fit the particular 
needs of the student who takes them. If a student 
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is employed as a helper in some shop, and desires to 
become a stationary engineer or draftsman, or book- 
keeper, or to follow any other special branch of in- 
dustry, we can offer him a course that will fit him 
for the particular position he has in mind. Such a 
student does not wish or desire to be forced to study 
anything that is not strictly necessary for him to learn 
in order to fill the position he is aiming at. Conse- 
quently, without citing other instances, it may be 
stated that every one of our courses, with a few 
exceptions, perhaps, is a special course. If a person 
desires to take up bridge engineering, and does not 
wish to learn the other branches of civil engineering, 
we offer him our bridge engineering course. He 
studies only those subjects that are necessary for him 
to know in order for him to imderstand everything 
we teach in regard to bridge engineering. .If tiie 
person wishes to study stenography, we offer him our 
stenographic course. If, however, he wishes to take 
a course that would correspond to a course in a busi- 
ness college, we offer him what we term our complete 
commercial course, which includes bookkeeping, sten- 
ography and other subjects. If a student desires to 
study mechanical drawing, and does not wish to take 
our mechanical or mechanical engineering course, we 
will offer him our course in mechanical drawing, and 
will not compel him to study any other subjects 
There are many persons who already have a good 
knowledge of mathematics and who have a good gen- 
eral education. They find it necessary to have some 
knowledge of mechanical drawing, but do not wish to 
study any other subject. Such a person can take our 
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mechanical-drawing course and learn the latest and 
best methods in use in the leading drafting rooms of 
the country. 

Considered from a pedagogical standpoint, our 
methods are a distinct departure from any that have 
previously been tried. What has been stated here 
with regard to the methods of the International Cor- 
respondence Schools, applies with equal force to a 
number of other correspondence schools. These re- 
marks do not apply to all correspondence schools, 
however, for the reason that some of them are con- 
ducted along an entirely different line. Attempts 
have been made to conduct correspondence schools by 
means of what may be termed tiie regular text-books 
such as are used in the ordinary school or college. 
Their plan is to purchase these text-books, direct the 
student to study a certain number of pages or chap- 
ters and then answer a set of questions. The stu- 
dent's answers are corrected and returned to him, 
and if he desires to be informed regarding anything 
not clearly explained in the text, he may write to the 
schools and obtain the information desired. He pro- 
ceeds in this way until he has finished the particular 
text-book he is studying. Such schools, however, 
have always failed, or at any rate have made very 
little progress, for the reason that the ordinary text- 
book is not adapted to the use of a person studying 
by himself. Another method is that in use by the 
University of Chicago. The student takes a regular 
college course, but does a part of the work at home. 
He can not get his degree, however, without taking 
about half the course in residence. This plan offers 
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very few advantages over taMng a college course in 
the regular manner. The student must have the 
same preparation and must do the same amount of 
work as any other student taking the same course or 
subject. The only requirement necessary to become 
a student of the International Correspondence Schools 
is ability to read the English language and to write 
it suflSciently well to be understood. Sometimes even 
this requirement is not fulfilled, as the student will 
get some one else to write his answers to the exam- 
ination questions for him, from dictation. This is 
especially true of students speaking some language 
other than English. A case came up only a short 
time ago of a German who was imable to write Eng- 
lish, but who induced his wife to translate the text 
matter to him. He dictated the answers to the exam- 
ination questions, which she wrote down, and his work 
was corrected by our instruction department in the 
usual way. This is not an isolated case, but is one 
that occurs with considerable frequency among such 
stadents. 

Inasmuch as nearly every student has a definite 
object in view when he takes a course, he naturally 
objects to anything that will delay him in obtaining 
the knowledge he desires. As a consequence, we 
frequently have several text-books treating the same 
subject. In some cases the text-books differ quite 
materially both in the amount of ground covered and 
in the treatment; in other cases they differ very 
slightly. For example, take the subject of arith- 
metic. We have a very complete arithmetic that is 
used in our English branches, teachers' and commer- 
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cial courses, while for our technical courses the arith- 
metics are all of about the same size ; they may differ 
slightly in the methods of treatment, but principally 
in the fact that the examples and illustrative cita- 
tions, etc., relate to matters with which the student is 
supposed to be concerned in connection with his 
course of study. For example : in the arithmetic used 
in the school of mines, the examples relate to matters 
pertaining to mining. Another arithmetic— very sim- 
ilar, but having different examples and illustrative 
citations— is used for the courses in the school of 
metallurgy. This may appear to be stretdiing the 
point considerably, but our chief aim is to keep the 
student interested in his work and to teach him some- 
thing bearing directly on the course he is taking in 
connection with the study of every subject in that 
course. 

As to the results we have accomplished, it is, as 
before stated, impossible to furnish exact figures. 
Many students enrol for the purpose of studying cer- 
tain subjects that will enable them to pass an exam- 
ination, such as for a license for mine foreman, for 
engmeer, etc. They do not care whether they com- 
plete a course or not, provided they get the informa- 
tion they need in order to pass the examination. 
Quite a large number of students taking our courses 
in marine engineering never send in any work at all. 
They simply take their bound volumes, study from 
them, pass the examination, and get their license for 
one of the different grades of engineer. Several 
years ago the writer had considerable correspondence 
with the assistant foreman of the boiler department of 
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the Bichmond Locomotive Works. He was very en- 
thusiastic regarding his work, and organized a class 
of about thirty.five persons employed in tiie boiler 
department, most of whom enrolled with us for our 
sheet-metal pattern drafting course. The superin- 
tendent and other officials of the company took great 
interest in his work, and furnished a room where the 
class could meet, and furnished desks, tables and 
other material, and encouraged the men generally in 
connection with their courses of study. The results, 
according to the assistant foreman, were extremely 
satisfactory. However, he did not furnish me with 
the names of any of the class until about two years 
after the correspondence was begun. I looked up the 
record of these students, and foimd that not a single 
one of them had ever sent in any work to us for cor- 
rection. At the same time they were getting great 
benefit from their courses, and were entirely satisfied 
with them. 

A careful examination of the records of a large 
number of students, for a number of years, indicates 
that about 60 per cent, of them send in one or more 
pieces of work. An examination of the records of 
our accounting department shows that about two 
thirds of the students pay in full for their courses. 
These facts force us to the conclusion that if a stu- 
dent does not pay, he does not study. There is no 
connection between the instruction department and 
the accounting department . Any student who sends 
in work on a paper will have his work corrected, and 
will have any questions answered that he may send 
us, regardless of whether he has paid for his course 
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or whether he is a delinquent At the same time, it 
is a fact that if a student does not pay, he does not 
study; while, if he does pay, as a rule, he does at 
least a certain amount of studying. Therefore, while 
our present total enrolment is a little over 900,000, 
it is not fair to count the actual number of students 
as being over about 60 per cent, of this, or about 
540,000. From the figures and statistics prepared 
last month, we estimated that 533,000 students had 
sent in work on the examination questions of one or 
more instruction papers. From June 1, 1905, to May 
31, 1906, Ihe work on the examination questions of 
517,849 instruction papers was corrected; 192,739 
drawings were corrected; and 6,364 phonograph rec- 
ords, made by students in our language courses, were 
received and examined. The total number of pieces 
of work during this period, received from students, 
was, therefore, 716,952. 

We compiled, about a year ago, a book giving the 
names, addresses and records of students who had 
completed about one third or more of their courses. 
There was excluded from this list those students tak- 
ing a single subject, such as arithmetic, algebra, book- 
keeping, etc., and also all the students in our school 
of electrotherapeutics— a total altogether of 40,261 
names. The average enrolment during the period 
when the names were being taken off was 798,960. 
Hence, the number of students, living and dead, who 
might have been included in the book was 758,700. 
Taking 60 per cent, of these as active students, the 
number to be so counted is 455,220. The number of 
names included in the book is 75,774, which is about 
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16.6 per cent, of the number of active students. That 
is, 16.6 per cent, of the number of active students 
have completed one third or more of their courses, as 
£diown by onr records. The number of students who 
have entirely completed their courses, passed their 
final examination and been awarded a certificate or 
diploma is 12,143 (up to and including June 27, 1906), 
or about 2.6 per cent, of the total number of active 
students. Although this percentage may appear low, 
it should be borne in mind that it will greatly increase 
from now on. Instead of the schools being fifteen 
years old, they are really only about eight or nine 
years old, as measured by the bulk of the enrolments. 
A larger proportion of students are completing their 
courses now tiian at any time in the past And in 
consequence of the exceedingly large enrolment at the 
present time, the number of graduates will increase 
very materially in the next few years. 

Between February 7 and April 21 we issued over 
600 diplomas, an average of 240 per month. The 
average for the same period next year will exceed 
this, and nmy average as high as 300 per month. In 
consequence of a falling off in the amount of work 
received during the hot weather, this average will not 
be maintained for the whole year; but it is safe to 
assume that between now and this time next year, at 
least 2,700 diplomas will be issued. This number will 
be increased during the following year. The percent- 
age of mcrease in the number of students receiving 
diplomas will be far greater than in the number of 
new students enrolling. This conclusion is justified 
by the following fact: The book before referred to 
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which contains the names and addresses of over 
75,000 students is the second edition, and was com- 
piled between May 16 and August 9, 1905. During 
this period the average enrohnent was 798,960. The 
first edition of the book was compiled between Janu- 
ary 18 and March 17, 1904, and the average enrol- 
ment during that period was 642,378. It was previ- 
ously shown that 16.6 per cent, of the number of 
active students was included in the second edition of 
the book. I have no figures to show the exact num- 
ber of names excluded corresponding to the 40,261 
that were thrown out in making the previous esti- 
mate, but based on the number of students enrolled 
during the period that the first edition was being 
compiled, the number to be excluded would be 32,370. 
The number of names, therefore, considered in con- 
nection with the compilation of the first edition was 
610,000. Hence, the number of active students at 
that time would be 60 per cent, of this, or 366,000. 
The number of names given in the first edition was 
54,500, or 14.9 per cent, of the number of active stu- 
dents. In the short space of sixteen months the num- 
ber of persons who had become eligible to have their 
names inserted in the book had increased 1.7 per cent 
This is a remarkable showing, and we have every 
reason to expect that the number of students com- 
pleting their courses will increase in the same or a 
greater proportion. 

Some of the reasons why students do not complete 
their courses of study have been mentioned above. 
It may be of interest to consider other reasons why 
they fail to complete their courses. As a rule, if a 
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student has only his own inclination to induce him 
to devote his spare time to obtaining an education, 
he feels the need of an education and knows the 
benefit it will be to him to possess it. At the same 
time, most persons do not possess sufficient grit and 
determination to persist in the line of work they have 
laid out for themselves, especially when they receive 
no special encouragement to do so. We do all we 
can to encourage the student, both by means of let- 
ters and by having our agents call on them. But 
there are many other influences that tend to discour- 
age a student and to induce him to drop his course. 
Many students are obliged to stop studying on ac- 
count of being forced to work very long hours and not 
having the time. Other students have an idea at the 
time they enrol that it will be a comparatively easy 
matter to study the course, and they become discour- 
aged when they find they must work hard in order to 
understand the subject. Such students either do not 
begin to study, or else they cease studying almost as 
soon as they enrol. 

A large proportion of our students are not only 
ignorant of the subject studied, but are also ignorant 
of how to study, that is, they have formed no habit 
of this kind, and it is necessary for us to teach them 
how to study, as well as the subject they do study. 
A large number have enrolled simply for the purpose 
of securing the text-books, as these are not for sale 
and can be obtained in no other way. Some enrol 
because their friends are enrolled. At the same time, 
when they receive their text-books and look them 
over, they become discouraged and never make any 
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attempt to study. Some students may start in and 
work very well during the winter months and early 
springy but during the summer months they stop for 
various reasons^ perhaps temporarily ; but later, when 
the weather has become cool again, they have laid 
aside their enthusiasm and do not resume, or, if they 
do, the attempt is spasmodic, and the studies are soon 
abandoned. 

We have absolutely no way of compelling a student 
to study. We can not threaten him with suspension 
or expulsion. We have no inducement that we can 
offer him beyond prizes, and these do not seem to 
produce the desired effect; and the student himself 
frequently has direct encouragement to give up his 
studies, by reason of adverse criticism of his relatives 
and friends. 

A considerable number of students may cease 
studying for a long time— several years in fact— and 
then begin again, and go on with their courses. Quite 
a number of students have objected to doing the work 
we require of them, saying they did not have the time, 
and stopped sending work on this account. We know 
of (me student who finished all the work in our me- 
chanical course (which we usually estimate will re- 
quire about three years to complete), with the excep- 
tion of one of the papers on machine design. This 
student did good work, and received very high marks. 
At the same time, he would not complete the subject 
of machine design, because, he said, he did not have 
time to make the drawings that we required in con- 
nection with these papers. His course was of great 
benefit to him, and when we heard from him last he 
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was superintendent of a large power plant, and was 
receiving a very good salary. On account, however, 
of his not having conformed to our requirements, we 
were unable to give him a diploma, although he had 
actually completed the entire work of the course with 
the exception of this one paper. This is by no means 
an isolated case, but it is one that has occurred with 
considerable frequency. In some cases a student will 
not complete a course for the reason that it does not 
contain, in his opinion, as much on certain subjects 
as he thinks he should receive, and he does not care 
to study the course for the educational features only. 
When we began to teach we did not know what the 
result of the experiment would be ; and, furthermore, 
we did not have the demand for such a wide range 
of information on certain subjects as we have now. 
During the last three or four years we have been very 
busy in rewriting all of our older courses. These 
new courses will cover the subjects more completely 
than the older ones did, and there will be a lai^er 
number of subjects than were included in the former 
courses. Inasmuch as the new courses will meet the 
demands of our students better than the old ones did, 
we expect that there will be a great increase in the 
number of students finishing such courses, or, at any 
rate, in the number of students studying a part or 
all of the courses. 



REPORT OF COMMITTEE ON NECROLOGY. 

HOWARD SCOTT WEBB- 

Howard Scott Webb was bom in Hartland, Maine, October 10, 
1865, and died at Hebron, Maine, June, 12, 1905. 

Altbough ranked among the younger professors of the XJniver- 
sity of Maine^ he had attained to an efficiency and weight of influ- 
ence usually attaching to men older in years and in experience. 

The main points in the story of Professor Webb's active life can 
be briefly given. 

He fitted for college in the High School at Skowhegan, Maine, 
where his father held the position of Clerk of Courts. At the 
University of Maine he pursued the course in Mechanical Engi- 
neering, maintaining high standing in scholarship and graduating 
with the Bachelor's degree in 18S7. Later he received the degree 
of Mechanical Engineer from his Alma M<Uer, 

In the same institution he held the position of Instructor in 
Shopwork from 1887 to 1897, but devoted the year 1890-91 to 
graduate work at Cornell University. He served as Registrar of 
the University of Maine from 1889 to 1895 and as Secretary of 
the Faculty from 1890 to 1895. In 1897, Instructor Webb was 
granted leave of absence for two years, to prepare himself to take 
charge of the then recently introduced department of Electrical 
Engineering, a iK)sition for which he had shown an especial 
aptitude. 

In fiurther preparation for this api>ointment, he passed the year 
1897-8 at the University of Wisconsin, where he was reported by 
Professor Jackson as the most brilliant student that had ever come 
under his instruction. From this institution he received the 
degree of Electrical Engineer. The following year, 1898-9, he 
devoted to practical work with the General Electric Company, at 
Schenectady, N. Y. 

Thus equipped, he returned to the University of Maine in 1899, 
and served it with great fidelity and efficiency as Professor of 
Electrical Engineering for the remaining six years of his life. 

As a teacher. Professor Webb was a man of rare ability. He 
had the power of imparting his own transparency of thought to 
others, and hence of securing to his pupils the mastery of even 

286 
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the most abBtruse demonBtrations. This lucid quality in his 
teaching won for him great acceptance with the students under 
his charga He was modesty manly and upright, and inspired 
like qualities in those who came within the sphere of his influence. 

While in the midst of active duties, early in the spring of 1905» 
he was attacked with pneumonia, which was followed by typhoid 
fever. In the subsequent prostration, tuberculosis developed, 
which, in his enfeebled condition, he was powerless to resist. 
Human aid and sympathy could not avert the sad and fatal result. 

In his death, the University has met with a loss which is keenly 
felt and deemed well-nigh irreparable. His associates in the 
faculty have lost a companion and friend held in high ^teem and 
affection, his classes, a faithful and wise counsellor and guide, and 
the larger community of which he was an estimable member, a 
man of the highest personal integrity and worth. By all, he will 
continue to be held in faithful and honored' remembrance. 

M. C. Fernald. 



LYMAN HALL. 

Dr. Hall was bom in Americus, Georgia, February 18, 1859. 
His preparative school work was in the Americus public schools, 
after which he spent three years at Mercer University in Macon, 
Georgia, leaving college, however, before his senior year. The 
next two years were spent in office work at Americus. In 1877, 
he received an appointment to the Military Academy at West 
Point, from which institution he was graduated with distinction 
in the class of 1881. Immediately after graduation, however, 
youlig Hall received an honorable discharge from the army owing 
to an accident received on the parade ground during drill. Though 
this was the one great disappointment of his life — ^a disappointment 
from which he never fully recovered — ^these years at West Point 
had meant to him much. They had given him a mastery of the 
science of mathematics; but they had, more than this, fixed deeply 
in his character the ideas of thorough discipline, perfect truthful- 
ness, and obligation to duty, which became prominent and dis- 
tinctive elements of his i)ersonality. 

Debarred from a career in the army, he entered the most obvious 
opening for a man of his tastes and acquirements; namely, the 
work of a teacher in a military school. 
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After two yean as commandant at the old Georgia Military 
Institute at Kirkwood, Oa.» he became, in 1888, Professor of 
Drawing and Assistant Professor of Mathematics at the South 
Oarolina Military Academy in Charleston, S. 0. He filled this 
position until 1886, wh^i he returned to the Georgia Military 
Institute as Commandant and Professor of Mathematics. 

During his residence in Charleston, he married Miss Annie 
Toomer Jennings, who with four children, two daughters and two 
sons, survive him. 

In October, 1888, the Georgia School of Technology formally 
opened its doors, and Dr. Hall began his connection with the school 
in the capacity of Professor of Mathematics. During the busy 
years that followed, through his wide and exact knowledge, his 
genius for teaching, his enthusiasm in his work, and his force of 
personality, he became the dominant figure in the school. He 
found time, moreover, to write and publish several mathematical 
treatises — the best known of which, his ^^ Elements of Algebra,^' 
has been and is largely used in high school work; to take an active 
interest in the local military companies; and to extend his ac- 
quaintance with men of state and men of affairs. In this last 
respect. Dr. Hall distinguished himself from the great body of 
school men. He never confined his horizon to the four walls of 
the school room or the office. His eye was continually on the 
world and its progress, and few men in the South in like positions 
have had so intimate an acquaintance with the great world of 
practical affairs. A large part of the effectiveness of his manage- 
ment of the school may be traced direct to this cause. 

During the school year 1895-1896, the president of the Tech- 
nological School resigned his office, and, after successfully filling 
the imexpired term. Dr. Hall was unanimously chosen president 
in June, 1896. He now began at once carefully to lay plans for 
the development of the institution, to enlarge the plant, to extend 
its influence, to raise the standard and value of its work, and gen- 
erally to increase its usefuln^s; and threw himself — all of himself 
— ^into the work with a generous ardor and devotion that made 
failure impossible. Every detail of the school system was brought 
under the scrutiny of his office; the state legislature was untiringly 
besought to increase its annual appropriation; when the state was 
unwilling or unable to supply the needed funds, application — 
undiscouraged by refusal — ^was made to philanthropists and monied 
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men. Through his own solicitation. Dr. Hall secured for the 
school fully $100,000. Under this masterly management, the 
school grew, grew by leaps and bounds, and with it grew the name 
and fame of Lyman Hall, until he became known as one of the 
leading educators of the United States; he was not infrequently 
invited to speak before even the great institutions of the East. 
In recognition of his work, Washington and Lee University con- 
ferred upon him in 1903 the degree of LL.D. 

A strain of this kind, however, could not last indefinitely, and 
the collai>se came just as he was realizing the fruition of his labors. 
His health failed completely during the spring of 1905, and on the 
sixteenth of August he died in a sanatarium at Dansville, N. Y. 
His body was brought for burial to Atlanta, where it lies in the 
beautiful West View Cemetery. 

The best record of Dr. Hall's life, however, is written in the 
history of the school to which he devoted his best energies; and 
what therein he attained can be realized only by comparing the 
crude beginnings of his work with the present fulfilment of his 
ideal. 

In 1888 the Georgia School of Technology was definitely estab- 
lished, and opened to the boys of Georgia and the South. A tech- 
nical school was a novelty in the state. It excited curiosity, and 
the immediate patronage was highly gratifying. Then the novelty 
began to wear off, and the school entered upon a period of decline. 
The average attendance dropped to about sixty. Even the ardent 
champions of the institution feared that it was doomed to failure. 
The legislature was indifferent to it» and was reluctant to provide 
for it out of the state funds. Its equipment, moreover, was inade- 
quate in every particular. This was the condition of affairs when 
Dr. Hall became president. Then came a change. At every turn 
he began the work of rehabiUtation and expansion. Year by year, 
larger state appropriations were pled for and finally secured; new 
buildings appeared; the present beautiful campus was evolved from 
the former dreary surroundings; new departments and courses 
were added; the corps of instructors was increased; more students 
were enrolled: and the school gradually took an unquestioned rank 
among the really excellent polytechnic institutions of the United 
States. To-day nine handsome brick structures, equipped with 
every modem appliance for technical education, have supplanted 
the two buildings that faced the campus in 1895; the attendance 

18 
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has become about six hundred; more than forty instructors teach 
these young men; and degrees are given in six branches of engi- 
neering. 

It is in figures of this kind that it is easiest to show what the 
life of Lyman Hall has meant to Georgia, but the best part of his 
work lies behind and beyond mere statistics. Dr. Hall was the 
real creator of technical education in his state. It was he who 
taught the public the essential difference between technical train- 
ing and technical education; he drew the definite line of demarca- 
tion between the artisan and the engineer. Dr. Hall taught the 
people of Georgia the dignity of the overalls. 

The death of Lyman Hall was a severe loss to the institution 
over which he presided, but the solidity and soundness of his work 
was such that even his death could not retard its continued growth 
and expansion; and the Georgia School of Technology to-day looks 
forward confidently to a future of ever-increasing dignity and use- 
fulness — ^the one great memorial to the man who, without any savor 
of exaggeration, fashioned it out of his own splendid life. 

WiLLUM Gilmer Perry. 



ALBERT HENRY HELLER. 

Albert Henry Heller, youngest son of Mr. and Mrs. George C. 
Heller, was bom at Wapakoneta, O., December 18, 1866, attended 
the common schools, and graduated from the High School of that 
place. He entered tte service of a local drug firm, where he served 
for some time, and might have remained in that business had he 
not been i)er8uaded to attend college by teachers who had earlier 
noticed his mental aptness. 

He entered the Ohio State University in 1886 and graduated 
with the degree of civil engineer in 1890. During his college 
course he spent one year in teaching school to gain funds with 
which to finish the fourth year. After graduation, he entered 
the service of the Massillon Bridge Co. as draftsman, and his sub- 
sequent rise in his chosen line was steady. Draftsman, Massillon 
Bridge Co., 1890--91; draftsman, Mt. Vernon Bridge Co., 1892; 
assistant chief engineer Youngstown Bridge Co., 1893-99; chief 
engineer of the same company, 1899-1900; he became assistant to 
the vice-president of the American Bridge Company upon the 
absorption of the Youngstown plant by the larger company. While 
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connected with this latter company he served in various responsible 
capacities in New York, Pittsburg and Atlanta. 

Professor Heller resigned from the service of the American 
Bridge Co. in the latter part of 1901, and was looking for a suit- 
able place to locate a cement factory when he accepted the caU to 
his Alma Mater as Professor of Structural Engineering in April, 
1902. He brought to his work at the university unusual qualifica* 
tions. Deeply interested in the theory of his subject, he was emi- 
nently qualified from the practical standpoint to teach structural 
engineering. He had served in each capacity from, subordinate to 
chief, and not less valuable was his experience in the executive 
offices of the larger company, where the amount of business trans- 
acted forced one to a quick appreciation of method and essentials. 

Among his professional brethren. Professor Heller gained no 
wide acquaintance. He devoted himself exclusively to his work 
and was seldom seen at social functions. Never of robust health, 
and naturally of a studious and retiring disposition, his declining 
strength forced him still further into seclusion. By some fatal 
chance his earlier physicians failed to diagnose his trouble. He 
was treated for a year or more for a supposed case of intestinal 
indigestion, visiting Colorado during the summer of 1905 in hopes 
of receiving some benefit, but getting none. 

He carried on his class-work until long after he should have 
given up all effort. When his fatal malady was diagnosed as ad- 
vanced bronchial tuberculosis, the news came to him as a complete 
surprise, and with grief he laid down his unfinished labors. Upon 
confirmation of the diagnosis he saw clearly his hopeless condition 
and wished to die quickly. He passed away on February 20, 1906, 
only thirty-two days after he had given up his college classes. 

In Professor Heller's death the engineering and teaching pro- 
fessions sustained a distinct loss. He was esteemed alike by those 
who served over or omder him, in college and out. He was pains- 
taking and thorough himself and he expected no less from his 
students. This did not make him popular with any who might be 
inclined to shirk, but it won for him the high esteem of those 
whose opinion was worth having. If college students are better 
qualified as alumni to judge the value of their training, then the 
worth of Professor Heller as an instructor is attested by the 
pleasure with which his former students called on him when they 
came to the city. His interest in their welfare was undoubted. 
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In addition to his college work he contributed a few articles to 
the technical jonmalB, and at the time of hia death was writing 
a treatise on structures. The first portion of this, entitled 
'' Stresses in Structures and the Accompanying Deformations," 
although not yet formally published, was printed and is in use as 
a text-book. Professor Heller also acted in the capacity of con- 
sulting engineer to a number of corporations. 

He was a man of convictions and looked with serene confidence 
to a better future world. Throughout his life he had been a con- 
sistent Christian, and he faced forward with the steady gaze of a 
clear faith. His body was taken for burial to his native town. 
Services were from the Central Lutheran Church, of which he 
had been a member since early youth. 

0. E. Sherman. 



GEORGE WASHINGTON ATHERTON. 

George W. Atherton, LL.D., President of The Pennsylvania State 
College, died on July 24, 1906, at his home in State College, Pa., 
in his seventieth year. 

In his death the cause of education suffered an inestimable loss. 
Especially in the development of that new departure in education, 
provided for by the establishment of the land-grant institutions, 
his magnificent abilities and indefatigable devotion were of dis- 
tinguished service. Keen intellect, unbending will, wisdom, tact 
and discretion, untiring devotion to duty, high ideals of honor, 
largeness of heart and charity, winning and gracious personality 
at once dignified and persuasive — qualities eminently distinctive 
of Dr. Atherton, the scholar, the man, the gentleman — combined 
to give him a rare power and strength in the organization of 
enterprises and in the control of men and affairs. 

George Washington Atherton was bom on June 20, 1887, at 
Bozford, Mass. At twelve years of age, upon the death of his 
father, he became self-supporting and assisted' in caring for his 
mother and two sisters, at first by working in a cotton mill and 
later by farm work and teaching. By his unaided efforts, he made 
his way through Philips Exeter Academy, and in 1860 entered 
Yale University in the sophomore class. 

After his graduation in 1863, he resx)onded to the call to arms 
and served throughout the Civil War with undaunted courage and 
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efficiency. Before his discharge on account of illness he had 
achieved an honorable record and was promoted to a captaincy* 
His marriage to Frances D. W. Washburn had occurred in De- 
cember of 1863. After leaving the army, be became instructor in 
the Albany Boys' Academy. From this position he was called to 
a professorship in St. John's College, Annapolis, Md. 

In 1868, he accepted a chair in the Illinois Industrial University 
(now the University of Illinois) and here first became interested 
in that practical type of education which was destined to so imme- 
diate and rapid a gn^owth in importance in this country. During 
his connection with this institution. Dr. Atherton's relations with 
its first president and organizer. Dr. Gregory, were of the most 
happy nature and became firmly established in a life-long friend- 
ship. In the following year he was called to the chair of political 
economy, then newly established, at Eutger's College, ISTew Jersey. 
He retained this position throughout the fourteen years which 
passed before his election to the presidency of the Pennsylvania 
State College. During this period he studied law and was ad- 
mitted to the Kew Jersey bar, and at the same time manifested 
an active and serviceable interest in all public affairs. In 1873, 
he was a member of the Board of Visitors to the 17. S. ISTaval 
Academy. In 1875, he was appointed by President Grant on the 
commission to investigate the charges of corruption at the Eed 
Cloud Indian Agency. In 1878, was chairman of a commission 
of revision of the state system of taxation. In 1873, as the result 
of much thought upon the subject of higher education for the 
industrial classes with special reference to the provisions of the 
MorriU Act of 1862, he prepared an exhaustive paper under the 
title "The Kelation of the General Government to Education," 
and presented it before the National Educational Association. 

In 1882, after what would seem to have been a life of prepara- 
tion of peculiar fitness. Dr. Atherton became president of Penn- 
sylvania's Land Grant College. The people of the state, lacking 
appreciation of the significance to them of an institution of this 
character, were at this time either indifferent or imfriendly in 
their attitude toward it, and its condition was one of disorganiza- 
tion and neglect. 

AU of Dr. Atherton's well-known fund of courage and strength 
of purpose were required to enable him to face this new problem 
with the enthusiasm and never-failing optimism necessary to its 
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successful solution. He was an indefatigable and tireless worker, 
continually spending himself to the point of physical exhaustion, 
wherever his interests were enlisted. His colossal labors in the 
service of The Pennsylvania State Coll^;e were early rewarded by 
a change in public sentiment toward the institution, and by an 
almost phenomenal expansion in every direction during the twenty- 
four years of his administratioxL Seemingly unsurmountable diffi- 
culties were met and overcome with indomitable courage and 
energy, and The Pennsylvania State College came to be ranked 
with similar technical institutions of earlier and more favored 
development. 

Throughout this period he did not fail to respond to the calls 
of public duty, and in 1887 accepted an appointment to the chair^ 
manship of a conmiission to inquire into the practicability of intro- 
ducing manual training into the public school system. His com- 
prehensive report upon this subject is regarded as authoritative 
in both Europe and America. 

By those who were associated with him for many years in na- 
tional legislation relating to the land-grant colleges, the name of 
Dr. G^rge W. Atherton is recognized as pre-eminent among the 
inspired pioneers who so generously devoted themselves to the 
development of the ** liberal and practical education for the indus- 
trial classes" which has effected so fruitful a revolution in the 
educational methods of the age. 

Louis E. Beber. 
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